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FOREWORD 


This annual report marks the tenth anniversary of the inception 
of the Transportation Development Centre (TDC) in July 1970 in Montreal. 
The report describes TDC's operations, highlights its activities during the 
fiscal year 1980-81, and briefly reviews its achievements in the past 
decade. 


While FY 1980-81 was marked by budgetary and staffing con- 
straints, TDC managed to pursue a consolidated research and development 
(R & D) program focused primarily in four modal areas: rail, air, marine 
and highway. This was made possible by obtaining increased funding from 
Other government organizations and increased cost sharing with industry. 


A number of events will figure prominently in our programming 
plans for the future. The proposed increases in R & D funding dealing with 
arctic marine, and rail freight transportation will no doubt have signif- 
icant bearing on TDC's program. The National Energy Program announced in 
October 1980 will give added stimulus to transport-related energy R & D 
such as fuel conservation, alternative liquid fuels, transport of energy 
commodities in Arctic and in Altantic waters. The United Nations’ 1981 
“International Year of Disabled Persons" and the 1983 "Year of the Elderly" 
will bring the issue of accessible transportation issue into the limelight. 
Transpo ‘86, an international exposition in transportation to be held in 
Vancouver, will present a unique opportunity and objective for TDC, 
Transport Canada and the Canadian industry to demonstrate their achieve- 
ments to the world. 


The development of indigenous R & D capability in Canada requires 
an atmosphere where risks can be appreciated and met with solid support 
over the necessary development cycle until the new technology can be 
actually applied in practice. The annual fluctuation in funds and the 
uncertainties about future allocations are no doubt detrimental to the 
sustenance of TDC's R & D program, which comprises, by definition, medium 
to long term activities. Adequate funding for the next five years will be 
crucial, especially when the TDC projects initiated on the recommendation 
of the modal advisory boards reach critical decision stages. 


The downward trend in R & D funding over the last few years may 
be reversing as federal government extramural R & D expenditures are pro- 
jected to rise significantly by 1985. The federal government has stated 
objectives to expand national participation in R & D to 1.5% of the gross 
national product through its own efforts and through the encouragement of 
rapidly expanded provincial and private sector involvement. 


Thanks are due to TDC's collaborators, contractors, and its staff 
for making this a fruitful year. Industry, academia, and all levels of 
government have donated most generously not only their funds but also their 
time, in particular by sitting on the modal advisory boards and project 
steering committees. TDC will continue to count on increased consultation 
with the transportation fraternity in its work. 


After ten years of operation, TDC is now a mature organization 
with its planning, coordination, management and control mechanisms well in 
place. A highly skilled, albeit small, nucleus of professionals is estab- 
lished. With the cooperation of its R & D partners, TDC is convinced that 
it stands well prepared to meet the challenge of the eighties. 


Peter L. Eggleton 
Executive Director 
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INTRODUCTION 


TDC is a self-contained centre within the Research and 
Development Directorate reporting to the Assistant Deputy Minister, 
Strategic Planning, Transport Canada. TDC's mandate is to identify, pro- 
mote and manage the application of science and technology towards develop- 
ing a safer, more effective and efficient Canadian transportation system. 
The Centre provides research and development and project management exper- 
tise to components of Transport Canada to assist them in their operational, 
regulatory, policy planning and evaluation functions. It also undertakes 
exploratory research and development addressing requirements in transporta- 
tion technology and systems that are high risk, long range and national in 
scope. TDC's work encompasses all modes of transportation, air, marine, 
surface, and all stages of the innovation cycle - concept definition, 
prototype design, development, and pre-production demonstration leading to 
operational deployment in revenue service. 


The end products of the Centre's work are technical reports, 
data, designs, laboratory and prototype hardware or prototype operational 
systems. These products are used as input to corporate decision-making and 
policy formulation, as information for other studies, as the basis to fur- 
thering the development process and implementing transportation 
improvements. 


The total value of the transportation R & D activities underway 
during the reporting period under TDC management was about $30 million, 
covering contracts extending over several fiscal years and including 
external funding obtained through various cost-sharing agreements. 


The TDC organization comprises: 


- a Program Development Branch, which plans and formulates activities in 
close consultation with the transportation community at large, 


- a Program Management Branch, which implements and manages TDC's R & D 
program 


- a Budget and Finance Section and an Administrative Services Division, 
which provide the extensive support services necessary to carry out the 
Centre's work. The TDC organization chart is shown in Appendix I. 


In this fiscal year, TDC had a budgetary allocation of forty 
person-years. Its professional staff, drawn from a wide variety of disci- 
plines, fulfills the role of researchers, program developers and coordin- 
ators, project managers, and conceivers of technological innovations. 
Appendix II is a list of TDC staff, as of 31 March 1981. 


PROGRAM DEVELOPMENT 


The Program Development Branch plans TDC's R & D program based on 
needs and opportunities identified by other Transport Canada components, by 
industry-based modal advisory boards, by unsolicited proposals from firms, 
organizations or other government bodies, as well as by in-house staff. To 
fulfill this planning function, the Branch has adopted a matrix organiza- 
tion that includes modal functional coordinators and senior advisors with 
specialized expertise who identify R & D opportunities, coordinate public 
and private sector efforts and produce long range plans. The TDC Research 
Library and the Project Information and Procedures Section of the Branch 
provide support services necessary for such development functions. 


Drawn from the senior professional staff at TDC, the modal coor- 
dinators and special advisors are assigned to various program sectors as 
required by evolving priorities and governmental initiatives. They contri- 
buted substantivally, for instance, to the preparation of discussion papers 
and submissions on the two priority technology development areas (arctic 
marine and rail freight transportation) proposed by Transport Canada to the 
Ministry of State for Economic Development via the Interdepartment Panel on 
Transportation R & D. They also maintained close working relations with 
the four advisory groups on the air, marine, highway and rail modes. 

These advisory groups are: 


- The Aeronautics Advisory Board, chaired by Professor 
Ben Etkin of the University of Toronto. 


- The Highway Transportation Research and Development 
Advisory Board, chaired by Mr. R.R. Mayes of the 
Canadian Trucking Association. 


- The Marine Transportation Research and Development 
Advisory Board, chaired by Mr. J. Tingley of CN Marine. 


- The Railway Advisory Committee, chaired by 
Mr. Peter Detmold of Canadian Pacific Ltd. 


TDC interacts with and is responsive in its R & D program to 
a number of committees, such as Transport Canada's R & D Committee, the 
Advisory Committee on Transportation of the Handicapped, the federal 
Interdepartmental Panel on Transportation R & D and the Subcommittee on 
Science & Technology of the Advisory Committee on Northern Development. 
Ideas for projects have originated from the Roads & Transportation 
Association of Canada, the Canadian Urban Transit Association, the Pipeline 
Association and the Canadian Conference of Motor Transport Administrators. 
Also, interaction with the National Research Council, the Department of 
Industry, Trade and Commerce and the Department of Energy, Mines and 
Resources has led to activities of shared interest. 


The TDC Research Library holds a specialized transportation 
collection of over 9,000 catalogued items, 4,000 microfiche records and 500 
subscriptions to periodicals and serials. This year the library joined a 
growing community of scientific and technical libraries using computer - 
based systems and enjoying the time-saving benefits of information pooling. 
The University of Toronto Library Automation System (UTLAS) was implemented 
during 1980-81 and conversion to this system should be completed in 1982. 


The Project Information and Procedures Section sees to the devel- 
Opment and maintenance of a control and reporting system tailored to the 
complex task of managing several hundred non-recurring research projects 
and contracts with a wide variety of performing organizations. The 
Management Information System (MIS) is a time-shared computer-based system 
that collects, records and retrieves key information such as work progress, 
schedule changes and costs concerning TDC projects. The role of this 
information system was expanded this year to incorporate financial control 
and contract monitoring functions for professional and special services. 


TDC also purchased its own mini-computer this year. The switch- 
over to a dedicated system, to be completed next year, will reduce MIS 
computer processing costs by approximately one-third. 


TDC is constantly reassessing the efficiency and effectiveness of 
its program. Each R & D project is subject to an evaluation at the final 
report acceptance stage and release of contractual obligations by per- 
formers is dependent on this acceptance. This year TDC evaluated five of 
its completed projects in terms of their successes and failures, and their 
potential benefits to industry in the long term. The evaluation concluded 
that these TDC projects were effective in generating and supporting 
innovation in Canadian transportation. 


PROGRAM MANAGEMENT 


The Program Management Branch has three functional divisions: 


- the Current Technology Division, which undertakes R & D aimed at 
improving and modifying technology and systems now in use; 


- the Advanced Technology Division, which investigates new concepts 
Or innovative solutions to systems now using conventional 
technology; and, 


- the Technology Applications Division, which demonstrates, tests and 
evaluates developments arising from these investigations. 


Once the R & D needs have been identified, this branch defines 
and implements projects by using combinations of TDC's own staff resources 
and external organizations under contract or agreement. 


TDC orients itself to stimulating industrial innovation and 
cultivating private sector expertise by contracting out to consulting 
firms, research institutes, universities, other government bodies and the 
transportation industry. TDC itself does not operate any laboratory or 
test facility. 

Where questions of security or political sensitivity preclude 
private sector involvement, or where it is more expedient for TDC staff to 
perform the work, in-house research projects are conducted. These intra- 
mural projects form an integral part of TDC's functioning as they help 
establish and sustain the expertise required for its R & D mission and to 
evaluate the state-of-the-art in transportation technology. The TDC 
Library is an invaluable resource in such pursuits. 


In 1980-81 TDC managed expenditures of some $8.7 million, com- 
prising 243 active contracts, of which 79 were completed during the fiscal 
year. In addition to the 219 in-house and contractor reports published 
this year, TDC staff presented fourteen scientific papers at various 
national and international conferences. 


To translate R & D needs into transportation products, TDC con- 
tinues to make a concerted effort to encourage the participation of the 
Canadian transportation industry. Pragmatism in project selection dictates 
that priority be given to proposals that have readily identifiable avenues 
for implementation and are cost-shared by innovators, potential manufac- 
turers or carriers. The technology transfer process is greatly enhanced 
when all parties concerned have a vested interest in the process. 


To further assist TDC in its tasks and to eliminate duplication 
of effort, TDC cooperates with other national governments active in trans- 
portation research. Typical of such cooperation are the U.S. Department of 
Transportation/Transport Canada Memorandum of Understanding Concerning 
Research and Development Cooperation in Transportation, the Agreement 
between the Government of Canada and the Government of the Federal Republic 
of Germany on Scientific and Technical Cooperation and the Canada/Japan 
Bilateral Consultations on Science and Technology. International R & D 
cooperation resulted in several specific events in 1980-81. Cooperative 
activities arising from implementing the Memorandum of Understanding with 
the U.S. DOT led to many projects on track/train dynamics research and 
culminated in the joint TDC/U.S.DOT sponsored International Conference on 
Load and Displacement Measurement Techniques in January 1981 at Cambridge, 
Massachusetts. The conference was attended by representatives from govern- 
ment, academia, railroads, manufacturers and research organizations 
worldwide. Other international joint ventures included the institution of 
a project on advanced rail car truck design by TDC and the U.S. Federal 
Railroad Administration, the definition of a joint TDC/Japan R & D program 
on highway pavement design for cold climates and the participation with the 
U.S. Maritime Administration in the instrumentation and data collection 
aboard the U.S. Icebreaker "Polar Sea" in its February 1981 probe to 
Barrow, Alaska. 


FINANCE AND ADMINISTRATION 


The TDC Budget & Finance Section reports functionally to the 
Director of Financial Services in Ottawa and reports in a line manner to 
the Executive Director of TDC, to whom it provides financial management 
advice. The unit also provides financial reporting, expenditure and 
revenue accounting, budgeting and planning, Management Information System 
(MIS) inputting services, and contract and compliance control. Last year, 
the unit processed approximately 2,500 financial transactions. 


The Administrative Services Division provides specialized 
services catering to the Centre's administrative needs. The functions nor- 
mally provided centrally for a Headquarter's unit in Ottawa must be 
supplied locally in Montreal for TDC in both official languages and with 
the capability of serving needs in all of Canada. The responsibilities of 
this division include the maintenance of a central registry, accommodation 
services for TDC and iodger units (Regional Public Affairs Office and 
Action Mirabel), purchasing, publications/technical illustration capabil- 
ity, and research report depository and distribution functions, which last 
year resulted in the issuing of some 15,000 TDC research reports on 
request. 


HIGHLIGHTS OF ACTIVITIES IN FY 1980-81 


TDC's program can readily be described in terms of the various 
modes of transportation: rail, air, marine, highway, urban, multimodal, 
levitated tracked vehicles and off road/ pipeline. A detailed listing of 
the active projects can be found in the TDC Project Directory, 1980 
edition (TP 1936). Some of the more significant R & D initiatives and 
technological advances achieved during FY 1980-81 are highlighted below. 


Rail 


Safety, energy and control systems were the three dominant themes in the 
rail technology program. In response to the 1979 Mississauga derailment, 
TDC augmented work already underway to address the problems involved in 
dangerous goods movement. In 1979 TDC demonstrated the feasibility of a 
mobile gas dispersion system to contain the hazard of toxic gas spillage; 
this year TDC successfully concluded the spectacular testing of EXPLOSAFE, 
a fine aluminum mesh placed inside a tank to prevent it from rupturing when 
its inflammable contents catch fire during a derailment. Further 
development work is in hand to bring this technology towards operational 
demonstration. 


Railway operations are critically dependent on diesel fuel. 
Recognizing present day uncertainties in petroleum supply, TDC conducted an 
investigation into the supply and use of modified diesel and other alterna- 
tive fuels for locomotives. The Railway Association of Canada was an 
active partner in this pursuit. 


To increase the efficiency of rail operations, TDC and B.C. Rail 
have developed a signalling, communication and control system based on 
advanced technology. The hardware for this radio-linked train location, 
identification and control signalling system was delivered to B.C. Rail 
this year and will be tested in the Squamish sub-division. 


This year saw the completion of the Western Intercity Survey, a 
joint research effort of TDC, VIA Rail Canada, and the provinces of 
Alberta, Saskatchewan and Manitoba to assess the potential of daytime 
intercity Light Rapid Comfortable (LRC) rail services linking major prairie 
cities. TDC was responsible for developing the multimodal simulation model 
that generated passenger traffic flows corresponding to a variety of rail 
service scenarios. The results attracted the interest of the Government of 
Alberta to the extent that the Edmonton-Calgary route is being analyzed in 
greater detail. 


Marine 


The major thrust in the marine technology program, in response to 
tasking by the Canadian Marine Transportation Administration, is in arctic 
vessel research, emphasizing icebreaking and navigation aids in ice. 


The 28,000 dwt M.V. Arctic, designed and built in Canada, is the 
first icebreaking cargo ship of its class in the world with an elaborate 
permanent instrumentation system. The system is operated under TDC 
contracts to obtain quantitative environmental, structural and performance 
data during arctic sailings. The M.V. Arctic's commercial voyages in 
1980-81 took her to Little Cornwallis Island, Nanisivik and Churchill. Two 
dedicated test voyages for navigation in ice saw her as the last ship in 
Navy Board Inlet and Lancaster Sound at the closing of the shipping season 
in November 1980 and as the first commercial ship to traverse the Labrador 
pack and Lake Melville towards Goose Bay through 1.3 m of level ice and in 
ridging in March 1981. Reports describing this year's test results and 
those of the following years will no doubt result in improved design and 
operational standards for year-round arctic navigation. 


Structural vibration, a destructive phenomenon for marine 
vessels, has long been known to accompany icebreaking. A pioneering test 
program to measure and analyze icebreaking vibration in polar ice in winter 
conditions was performed in cooperation with the U.S. Coast Guard on its 
icebreaker "Polar Sea" on a test voyage to Barrow, Alaska, in January- 
February 1981. Valuable field data was obtained from this joint 
Canada/U.S. venture and analysis of the results is in progress. 


An experimental sea ice thickness sensor developed under TDC 
Sponsorship was tested from a helicopter over the Beaufort Sea in April 
1980. The experiments showed that a synthetic pulse radar can successfully 
measure sea ice thickness. The results have justified continued TDC 
Support for further developments, which are now proceeding toward 
preproduction prototype hardware. 


Ships operating in ice-infested waters rely basically on watch 
observers to detect ice hazards. Visual sighting is ineffective at night 
and in poor weather conditions, requiring ships to proceed very slowly. 
Furthermore, despite the precautions taken in ice-infested waters, 
accidents are alarmingly common. An effective method for detecting and 
avoiding ice hazards under all environmental conditions is vital to the 
safe and efficient transport of oil and gas resources from northern Canada. 
In order to evaluate the effectiveness of various ship-mounted sensors, TDC 
and Petro-Canada commissioned the M.V. Polarhav and equipped her with 
X-band and S-band radars, a sonar and an infra-red sensor. From July to 
October 1980, the ship travelled up the eastern Arctic coast to North 
Baffin Bay and Lancaster Sound to collect correlated field data using 
different operational modes. The data is now being analyzed and will be a 
major asset in the development of future ice hazard detection systems, 
based on a composite array of sensors and displays. 


Air 


TDC, in partnership with the three leading Canadian aerospace 
Organizations, Canadair, de Havilland and Pratt & Whitney, is entering the 
fourth year of a long term program to develop highly fuel-efficient 
concepts for small to medium size aircraft and turbine engines. Notable 
results of this program, such as de Havilland's new wing and propeller 
airfoil sections design, have found their way into the recently announced 
DHC-8 commuter aircraft. Similarly, the new Pratt & Whitney PW 100 turbo 
prop, which will power the DHC-8 and other new aircraft in the same class, 
has benefited from turbine efficiency improvements achieved in this 
program. 


In the field of air safety, this year marked the completion of 
the crashworthiness of light aircraft structures project and the start of 
the development of a light bulb filament impact dynamic analysis as an 
accident investigation tool. TDC has also published the final report on 
the sonic boom research yielding a body of data on the impact of SST over- 
flights. Cost of this work was shared by the National Research Council and 
the Office of Scientific Research of the U.S. Air Force. 


Various R & D projects assigned by the Canadian Air Transporta- 
tion Administration were underway this year, including a study to minimize 
bird strikes at airports, the prototype testing of an unattended navigation 
and communications facility powered by a wind turbine, investigations of 
the development potential of air cargo hubs at selected Canadian airports, 
and a study to evaluate intra-airport transportation requirements for 
Toronto International Airport. 


Highway 
A milestone in highway technology was reached this year when six 


weigh scales developed by the University of Saskatchewan for in-motion 
vehicle prescreening and data collection on Canadian highways were 


installed and tested in three provinces. The success of this joint 
TDC/Roads & Transportation Association of Canada project has elicited 
the interest of private industry and the U.S. government. 


In the spring of 1980, the first articulated bus from Germany was 
delivered for testing and evaluation in Canadian intercity operations. 
This joint TDC/Voyageur project is aimed at improving the quality and 
economics of intercity bus service. 


Urban 


The GSM taxi was on show for the first time at the September 1980 
conference of the Roads & Transportation Association of Canada in Toronto. 
TDC shared in the development of this unique paratransit vehicle whose 
design is particularly suited to urban and rural paratransit operations and 
also offers accessibility features to the handicapped. 


In its search for alternative energy for transportation, TDC is 
testing seven electric vehicles, developed by the Marathon Electric Car 
Company, at the Welland Canal facility of the St. Lawrence Seaway. TDC 
expects to obtain answers to the question of whether electrical propulsion 
is viable for automobiles of the future. 


Multimodal and Intermodal 


As part of its ongoing program to address the needs of the mobil- 
ity disadvantaged, TDC launched two projects: the construction and 
in-service trial of a multimodal wheelchair securement and passenger 
restraint system, and the preparation of a compendium of transportation 
equipment for the disabled. The newly developed wheelchair securement 
units were installed and evaluated onboard the M & 0 Handicab Ltd. buses in 
Ottawa this year. Data to be collected from the testing of a second series 
of units at the Motor Vehicle Test Centre in Blainville will be used to 
develop safety standards. 


In anticipation of the 1981 International Year of Disabled 
Persons, TDC has been extremely active in information dissemination. In 
addition to distribution of technical reports, a bilingual pamphlet, an 
audio- visual presentation and films, TDC has also displayed its curb- 
climbing wheelchair and train securement system at the International 
Conference on Rehabilitation Engineering in Toronto, and the World Congress 
of Rehabilitation International in Winnipeg. TDC also gave a presentation 
on its technology program for the mobility disadvantaged to the Special 
Parliamentary Committee on the Disabled and Handicapped. 


New concepts and new technologies in intermodal freight trans- 
portation systems were the subject of several preliminary studies still 
underway at the close of the fiscal year. These included scheduled unit- 
train shuttles for containers, intermodal terminal equipment and systems, 
and passenger auto-on-train services. 


Tracked Levitated Vehicles 


Tracked levitated transportation is being considered as a possi- 
ble long term alternative for Canadian intercity passenger transportation 
in the densely populated Toronto-Ottawa-Montreal corridor. The results of 
a ten-year, TDC-commissioned university research program of the Canadian 
Maglev Group were consolidated in a study entitled "Alternatives to Air", 
which examined the introduction of a magnetically levitated, high speed 
(450 km/h) passenger system in this corridor. Also, the National Research 
Council, under contract to TDC, completed an analysis of the study findings 
and published a report on the structural analysis of the proposed vehicle 
body shell. 


Off Road/Pipeline 


Two off road technology projects were completed in 1980-81. The 
Flexible Base Skidder System allows the movement of an indivisible load 
over terrain of marginal strength. Airbags are interposed between the load 
and a wear apron, so that the contact pressure is limited to what the soil 
Can support. Even though drag values were high, tests showed that the 
system is workable. A study of the Aerobac concept implementation defined 
the required performance for a hybrid overland air cushion vehicle able to 
use unimproved trails at normal road speeds. 


The ongoing search for energy efficient transportation systems 
indicates the growing importance of slurry pipeline for the movement of 
bulk commodities. The Saskatchewan Research Council, with its slurry pipe- 
line facility in Saskatoon, has the unique expertise in North America to 
develop design and supply operating data on this transportation mode. 

Under contract to TDC, the Saskatchewan Research Council has completed a 
report on the pumping of coarse particles of metallurgical coal as slurries 
in pipelines ranging in diameter from 10 to 25 cm. The full scale (50 cm) 
test pipeline has been in operation for several months. 


PROGRAM IMPACTS 1970-80 


For the past ten years, TDC has contributed to a wide variety of 
technological advances in transportation and has published some 600 reports* 
on its work. The total value of such work for this decade is approximately 
$70 million from all sources. While the impact of this R & D cannot be 
easily quantified, or immediately realized, TDC now begins to see visible 
signs that its work has been directly or indirectly translated into 
transportation products and operating systems. 


TDC has conducted or supported developments that have resulted in 
creating unique Canadian capability in systems with promising domestic and 
international market potential. The Intermediate Capacity Transit System 
(ICTS), the Light, Rapid, Comfortable train (LRC), and the Short Take-Off 


* See "TDC Publications", TP 2602 


and Landing (STOL) air transportation systems are but three of many notable 
examples. 


TDC was instrumental in fostering interest and development activ- 
ity in a steel wheel-on-rail system suited to Canadian public transit 
requirements. The system incorporates a number of unique features, such as 
a linear induction propulsion system, steerable trucks, automated control 
and intermediate capacity (5 000 - 20 000 passengers/hour/direction). TDC 
projects produced many of the design concepts that form the basis for 
UTDC's Intermediate Capacity Transit System under consideration for 
automated rail transit systems in Hamilton, Vancouver and Los Angeles 
(known respectively by the acronyms ICTS, ALRT, and DPM). 


The 1978 decision by VIA Rail to purchase the Canadian designed 
and developed LRC train reflects an advance in passenger equipment made 
available to the public as a result of TDC research. TDC provided finan- 
cial and management support to the prototype testing of the locomotives and 
coach of this passenger train, which is light, rapid (200 km/h) and com- 
fortable. Amtrak has also decided to lease two train sets for two years 
with an option to buy. A demonstration run of the Amtrak LRC was held in 
June 1980 and the first train set was delivered during that month. 


A new, attractive and comfortable rail passenger seat, designed 
and developed for TDC, is now entering commercial production. TDC signed 
an agreement in April 1980 to allow VIA Rail to proceed with the 
manufacture of the seat for its new train sets. Similarly, a wheelchair 
securement system designed for TDC will be incorporated in the new trains 
to facilitate travel of handicapped passengers. 


Canada has been a world leader in the development of complete 
STOL air transportation systems including aircraft, airports, ground trans- 
portation, navigation and management systems. A full scale demonstration 
project comprising the first commercial STOL airline (Airtransit) and 
linking downtown Montreal to downtown Ottawa was conducted in 1974-76. TDC 
designed and performed the overall data collection and evaluation of the 
STOL demonstration in order to facilitate future commercialization of this 
system. Much interest has been generated in this concept and commercial 
exploitation of STOL is now being actively considered to serve Montreal, 
Ottawa and Toronto. 


TDC has supplied the risk money or "planted the seed" for explor- 
atory research with potential for national applications. Many of these 
concepts have now germinated and are operating systems. A few others have 
developed to the stage where private industry funding must take over. One 
such concept is the Yard Activity Reporting and Decision System (YARDS). 
This system represents the first fully computerized, paperless rail freight 
yard inventory system to be used anywhere in the world. Under the auspices 
of TDC, YARDS has been installed and implemented in the Vancouver Terminal 
Of CP. Raids 


Another uniquely Canadian concept, the application of air cushion 
technology to icebreaking, was evaluated by TDC. The demonstration results 
of attaching an air cushion icebreaking platform to the bow of a ship were 
SO encouraging that the Canadian Coast Guard had one designed and built for 
its use in 1981. 


Electrification of Canadian railways and tracked levitated 
systems are typical of R & D which had to be seeded by government because 
of their long term, exploratory and high risk nature. A study to review 
the prospects for railway electrification was completed in December 1976. 
TDC is investigating the feasibility of an operational pilot demonstra- 
tion of electrification on a Canadian railway. 


TDC has been supported by the Canadian Institute of Guided Ground 
Transport at Queen's University in its study of tracked magnetically 
levitated (Maglev) transportation systems, which, in certain Canadian 
corridors, is seen as an alternative to air transport. The Maglev work has 
spun off high technology industrial contracts for the university 
researchers, particularly in AC motor control. 


A comprehensive and highly productive program of rail research in 
North America relates to the study of how a train interacts dynamically 
with the track that supports and guides it. TDC acts as a focal point in 
the coordination of the research carried out by Canadian and U.S. govern- 
ment agencies, independent associations and private companies. The 
Canadian track/train dynamics program, supported jointly by CN Rail, CP 
Rail and TDC, developed an articulated truck for freight cars. These 
trucks are now being used in actual operations. Another fruitful area of 
investigation relates to concrete ties, which are more durable than wood 
ties and improve the stability of the track structure. Over one million or 
480 kilometres of the first generation concrete ties have been laid in 
British Columbia and Alberta. A second generation model is being 
devel oped. 


The findings of some TDC studies have led to significant regula- 
tory changes. The TDC/RTAC motor vehicle licensing reciprocity study, 
which recommended a common nationwide license reciprocity system for 
commercial vehicles, was ratified by nine provinces in the fall of 1980. 
The Canadian Agreement on Vehicle Registration will save the extraprovin- 
cial trucking industry millions of dollars annually and permit truckers to 
travel coast-to-coast with a single license plate, with fees based on 
distance travelled in each participating province. Small trucks, trucks 
carrying household goods, charter buses and farm vehicles carrying a 
farmer's own goods will also qualify under this scheme. The new 
registration system will take effect April 1, 1981, in British Columbia, 
Alberta, Saskatchewan, Manitoba, Ontario and New Brunswick. The agreement 
was hailed as a great step forward in facilitating the mobility of goods 
and people across Canada. 


dat 


TDC's program on transportation of the handicapped has contrib- 
uted to the formulation of departmental policy. A pioneer in systems and 
technology R & D on this subject, TDC has given the department the single 
most comprehensive source of data in Canada on handicapped transportation. 
This was instrumental in bringing Transport Canada's attention to the 
existence of a policy gap that is now being filled by the formation of the 
Advisory Committee on the Transportation of the Handicapped and 
consideration in the Department of responsibility for policies on the 
transportation of the handicapped in the near future. 


Apart from actual product and system development, transportation 
expertise in Canada has increased significantly over the vears through 
TDC's efforts. Two specific TDC programs aimed at training and cultivating 
professionals in the field are given as examples: 


- AS a result of TDC's support of slurry pipeline research at the 
Saskatchewan Council of Research and the Research Council of 
Alberta, the expertise and facilities of these two organiza- 
tions have been built up to the extent that they can now 
operate on a self-sustaining basis through research and con- 
sulting for industry. 


- TDC's university support program has established or sustained 
five transportation centres at major universities, and over 300 
postgraduate students under sponsorship have completed their 
studies in transportation during 1971-1980. 


Canada's growth as an industrial nation is dependent on efficient 
transportation systems. Its immense size and difficult terrain calls for 
creative transportation solutions. By helping to build up indigenous 
expertise and stimulating innovations, TDC plays a key role in responding 
to the mobility needs of the nation. 


FINANCIAL SUMMARY 


TDC's financial statement for the 1980-81 fiscal year in compari- 
son with that of the preceding year is summarized on Table 1. TDC has 
continued to enhance its transportation research and development (TR & D) 
program using the combined resources of its own operational budget and 
transferred funds from other federal government components in support of 
specific projects. As in past years, most of the R & D output in the 
1980-81 program was obtained through contracted research so that operating 
expenditures for professional services, grants and contributions constitute 
the bulk of the TDC budget, totalling $6.580 million in 1980-81, a 15% 
increase over 1979-80. 
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TDC's expenditures on salaries and administration consume a small 
and ever declining proportion of its total budget as improved R & D manage- 
ment practices are adopted. Because responsibility for the university 
program ceased at the beginning of the fiscal year and expenditures on 
Salaries declined, total budgetary expenditures in 1980-81 were reduced to 
$8.172 million from $8.465 million the preceding year. 


While federal government funding for R & D contracted by TDC 
amounted to $6.580 million in 1980-81, the volume of on-going R & D is much 
larger than this, owing to efforts by TDC to secure industry cost sharing 
on certain R & D projects. Various provincial government agencies and 
research institutes also have been ready to participate in TDC's program. 
The magnitude of such contributions in 1979-80 and 1980-81 is shown in 
Table 1 under the heading non-budgetary cost sharing and amounts to $2.065 
million this year, bringing the total value of the R & D program for 
1980-81 to $8.645 million. The total leverage achieved by TDC in its 
efforts to motivate cooperation and cost sharing among R & D sponsors and 
performers can be gauged by comparing this total value of $8.645 million to 
the TDC operating budget of $4.157 million for 1980-81. 


These efforts have become mandatory as TDC's own resource base, 
displayed in Figure 1, has remained below its 1976-77 level over the past. 
four years in current dollars (Panel A). Given recent trends in price 
levels, this signifies a real decline in constant dollars (Panel B), which 
has only been averted by transfers of funds to TDC's program in increasing 
amounts. Since 1976-77, Energy R & D Panel funds have been secured for 
projects with an energy technology and energy transport component. Since 
1978-79, the Unsolicited Proposals Fund (DSS) has provided annual "bridging 
funds" to accommodate interim expenditures on unforeseen research 
Opportunities. Other federal government departments have recently begun to 
make funds available for R & D work within their areas of interest. 
Finally, cost sharing with industry and provincial governments is an 
important factor that has permitted TDC to achieve an overall real increase 
in its TR & D program. This latter contribution is not fully documented 
prior to 1979-80, but has been effective in earlier years. Figure 1 thus 
illustrates that the past year has seen the end of a downward trend in 
financial resources available to TDC in real terms, a trend that had 
prevailed for the previous three or four years. 


The development of the structure of TDC's program is illustrated 
in Figure 2 where the growth of the federal funding of TDC's R & D program 
over the last three fiscal years is shown as well as the changes in the 
relative elements of the program by transportation mode. The most promi- 
nent elements appear consistently in each of the three years as marine, air 
and rail. A particular policy thrust in the marine R & D mode is reflected 
by sustained increases both in relative and absolute terms over the period 
1978-79 to 1980-81. Increased tasking activity by the Canadian Air 
Administration has contributed to a recent growth in this sector. The 
downward drift in rail R & D activity in 1979-80 and the pause in 1980-81 
has marked the awaiting of government's approval of an augmented rail R & D 
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program (which has since been announced). Fluctuations in several other 
areas of effort, notably R & D on intermediate capacity urban transit and 
air cushion vehicle technology, underscore the difficulty of sustaining a 
broad technology base in R & D in times of financial restraint, with 
inherent detrimental effects and loss of momentum in these areas. 


The significance of TDC's own budget base and of other funding 
sources in each modal element for 1980-81 can be seen in Figure 3. 
Overall, TDC's own resource base was increased by a factor of 2.05 by util- 
izing other funding sources. The technologies and industries associated 
with the different transportation modes are highly variable as to opportu- 
nities for cost sharing. In those sectors where industry R & D cost 
Sharing is accepted, it is generally a substantial proportion of the total 
R & D volume and, moreover, exceeds the level of TDC's own resources when 
combined with other federal government funds. In certain other sectors of 
TDC's program, in which the R & D needs may affect regulatory or policy 
issues or where high risk, long term R & D is appropriate, developments can 
only proceed with governmental funding. 


Seeking out regional research opportunities is an important 
element of TDC's national transportation system orientation. Figure 4 
illustrates the broad distribution of TR & D activities underway during 
1980-81. As Canadian industry receives close to 90% of the research work 
contracted by TDC, the highest levels of activity take place within the 
mature Ontario-Quebec transportation manufacturing regions. A growing 
expertise in arctic marine R & D is developing in southern Alberta while 
rail freight system improvements are being undertaken for British 
Columbia's export market drive. Both of these represent promising areas of 
R & D activity for TDC's continuing program. 


TABL at 


FINANCIAL SUMMARY 


Comparative statement of expenditures for the fiscal years 
ended 31 March 1980 and 1981 (in millions of dollars). 


TRANSPORTATION RESEARCH AND DEVELOPMENT PROGRAM 1979-1980 1980-1981 


Professional Services, Grants and Contributions .. 5.768 6.580 
TDC Operating Budget 
Transfers to R & D Program: 
Energy R & D Panel 
DSS "Bridge Funding" 
Other Federal Departments 
TDC Grants and Contributions 
University Program Grants and Contributions * .... 


Salaries and Administration 


Administrative Services 
Salaries 


D BUDGETARY EXPENDITURES chal Tie 


Expenditures by Canadian industry and provincial governments on shared cost 
R & D projects are not a departmental responsibility; they do however make a 
substantial contribution to TDC's R & D program and are included for 
completeness and comparability. 


Contributions by Canadian Industry and Crown 
Corporations 


Contributions by Provincial Governments and 
Institutions 


R & D NON-BUDGETARY EXPENDITURES (estimate) 


TOTAL VALUE OF R & D PROGRAM CONDUCTED BY TDC - 
PROFESSIONAL SERVICES, GRANTS, CONTRIBUTIONS AND 
SHARED-COST CONTRIBUTIONS 


* 


Responsibility for this program was eliminated 
on April 1, 1980. 
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FIGURE 1 EXPENDITURE TRENDS ON TR & D PROGRAM 
FROM ALL SOURCES 1977 - 1981 


FISCAL $10 ~ A. CURRENT DOLLARS 
YEAR 


EXPENDITURES * 
$ MILLIONS 


INDUSTRY 


PROVINCES 


DSS AND OTHER 


5 TDC FUNDING 


1977 1978 USN AS) 1980 


1981 
FISCAL YEAR ENDING MARCH 31 


FISCAL $8 B. CONSTANT (1976) DOLLARS 
YEAR 
EXPENDITURES* 


$ MILLIONS 
6 
4 
2 
1977 1978 1979 1980 1981 
* Expenditures for Professional FISCAL YEAR ENDING MARCH 31 


Services only, excludes items 
no longer in TDC Program. 
i.e. COSTPRO, University Program. 16 
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FIGURE 2 DEPENSES COMPARATIVES DES SECTEURS DU 
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I am pleased to present the 1983-84 annual report of the Transportation Development Centre (TDC). It summa- 
rizes TDC’s activities and achievements during the fiscal year ended March 31, 1984, and outlines the general trends 
that have prevailed in the development of the transportation technologies during the year. 


The formulation and implementation of the Centre’s program of research and development continued to depend 
to a large degree on consultation and co-operation with its many R&D partners, most particularly with Canadian 
transportation operators and manufacturers. 


In 1983-84, Treasury Board granted an extension of funding for the Rail Freight and Arctic Marine R&D 
Programs to March 31, 1986. The provision of this special funding combined with funds from the Energy R&D 
Program of Energy, Mines and Resources Canada permitted a continued focus on rail freight and Arctic marine 
transportation. 


TDC’s R&D program for the mobility disadvantaged experienced a significant boost in 1983-84 with the intro- 
duction of a departmental policy on transportation of disabled persons, together with the implementation of an 
augmented program of R&D to improve transportation for the elderly and the handicapped. 


I must express my deep appreciation and admiration for the dedicated efforts of TDC’s staff in responding to the 
challenge of an ever increasing workload. As for the future, TDC must focus its attention on the issue of human 
resources and productivity if it is to carry on its fine record of achievements in transportation R&D. 


N.E. Rudback 
Executive Director 
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INTRODUCTION 


The Transportation Development Centre (TDC) is the department’s centralized research and development (R&D) 
unit within the Research and Development Directorate, reporting to the Assistant Deputy Minister, Strategic Planning, 
Transport Canada. TDC’s mandate is to identify, promote and manage the application of science and technology 
towards developing a safer, more effective Canadian transportation system. The Centre carries out R&D projects in 
support of Transport Canada’s operational, regulatory, policy planning and evaluation functions. It also undertakes 
exploratory R&D activities addressing transportation topics that are high-risk, long-range and national in scope. 
TDC’s work encompasses all modes of transportation, and all stages of the innovation cycle of new transportation 
technology, from concept definition, prototype design, development and pre-production demonstration to operational 
deployment in revenue service. 


The end products of the Centre’s projects are technical reports, data, designs, laboratory and prototype hardware 
or prototype operational systems. These products are used as input to departmental decision-making and policy 
formulation, as information for other studies, and as the basis to furthering new transportation technology and 
systems. 


The Centre is headed by an Executive Director and comprises: 


— a Program Development Branch, 
which plans and formulates 
activities in consultation with 
the transportation Community 
at large. 


— a Program Management Branch, 
which implements and manages 
TDC’s R&D program. 


— a Budget and Finance Section and an 
Administrative Services Division, 
which provide the extensive support 
services necessary to carry out 
the Centre’s work. 


The TDC organization chart is shown on page 14. 


GENERAL ACTIVITY REPORT 


In 1983-84, TDC managed approximately $13 million in federal funds for transportation research and develop- 
ment. This total was made up of TDC’s base budget of approximately $4.3 million, a $2 million controlled allotment 
from the Ministry of State for Economic and Regional Development (MSERD), and $6.7 million from other federal 
sources. Detailed financial information is given in the Financial Review on page 5. 


In this fiscal year, TDC had a budgetary allocation of 52.5 person-years, including 3.7 from the Energy R&D 
Program, one from the Arctic Marine R&D Program and 4.8 from Transport Canada’s Special Employment Program. 
The Centre’s professional staff, drawn from a wide variety of disciplines, fulfills the multiple roles of researchers, 
project developers, coordinators and managers, and conceivers of technological innovations. TDC’s staff as of 
31 March 1984 is listed on page 14. 


The process of planning and organizing the Centre’s R&D program involves all of its professional staff and is 
carried out throughout the year. It entails consultation with Transport Canada’s three modal administrations and with 
four industry-based R&D advisory boards. The process also includes the evaluation of R&D proposals submitted 
directly to TDC (an average of fifty proposals are under consideration at any one time) or to the Department of 
Supply and Services (DSS). In 1983-84, TDC reviewed 118 such proposals from DSS with a value of $37 million. 
Sixteen of the proposals, worth $2.4 million, were accepted. 


The TDC Library, with its specialized collection of transportation-related literature, plays an important role in the 
planning and conduct of TDC’s R&D program by identifying completed and on-going work on topics under considera- 
tion, keeping the professional staff aware of transportation R&D underway elsewhere, and supporting researchers 
involved with TDC and other transportation research. In 1983-84, the library routed about 5000 journals, reviews and 
newsletters to the staff and did 57 computerized reference searches. The library acquired about 1300 new titles in 
1983-84; about 17,000 documents were consulted in the period; and another 4,800 were circulated. 


In the course of 1983-84, TDC prepared 27 scientific papers and presentations and helped organize and partici- 
pated in five national and international conferences and workshops. 


The administrative activities conducted in support of TDC’s R&D program included the processing of some 4,000 
financial transactions, the upkeep of financial control and records of more than 600 project files and the preparation 
of associated planning, budgeting, accounting and management information reports. In 1983-84, tne Centre pro- 
cessed some 10,000 volumes of TDC-sponsored research reports, and distributed more than 14,000 publications to 
the transportation community and the general public. 


TDC’S 1983-84 R&D PROGRAM 


Rail Transport 


The augmented rail freight R&D program, started in 1981, was extended in 1983-84, through to 1985-86. Typical 
projects in this program included automatic rail car identification systems, radio-linked train location, identification and 
control systems (LICs), locomotive event recorders and the use of micro-processors in locomotive traction system 
control. Different types of self-steering freight car trucks are being tested, with several hundred trucks entering coal 
train service in British Columbia. Locomotive self-steering trucks are the subject of extensive evaluations in a study 
being carried out by Bombardier. Advanced locomotive development work is continuing on diesel combustion effi- 
ciency using single-cylinder laboratory engines. Finally the rail electrification demonstration on BC Rail’s Tumbler 
Ridge branch line has entered the operational stage, with seven Canadian-built electric locomotives and various 
ancillary technologies being monitored for technical and economic performance. 


Passenger rail R&D has addressed work on developing the LRC to 200 km/h operating speed standard, improv- 
ing the ride quality of passenger rail cars for long distance travel, conducting tests of modified rail diesel cars and 
planning the demonstration of a railbus vehicle for passenger service in remote areas. 


Marine Transport 


The main focus of marine transportation R&D has remained directed at Arctic marine technologies. Ice hazard 
detection and associated sensors, data transmittal, integration and display equipment development are high priority 
areas in this program. Full-scale testing and related model-scale testing of icebreakers and icebreaking cargo ships, 
and the reduction of data obtained into engineering design or regulatory terms continued from previous R&D phases. 
Other work covered ice transiting performance, hull strength requirements, power plant and propulsion characteris- 
tics, manoeuvering and navigating concepts and ergonomic evaluation of a ship simulator. Continued cooperation 
with Japan concerning Arctic marine R&D has been pursued. Other marine research addressed wave climate and 
structural requirements for ships operating in Canadian waters and fuel-efficient ship designs and operating practices. 


Air Transport 


A number of projects have been undertaken or continued in support of the Canadian Air Transportation Adminis- 
tration (CATA), including tests on accident investigation techniques and methodologies for safety assessment and 
R&D justification. Intra-airport transportation systems and their application to Lester B. Pearson International Airport 
was the subject of an in-house research project completed for CATA, in 1983. The technology for amphibious rescue 
vehicles for airport peripheral coverage was investigated for site specific applications. Canadian capabilities to engi- 
neer advanced air traffic control systems, such as in the design and testing of microwave landing system equipment, 
were also supported. An on-going program on fuel-efficient aircraft and aircraft engine concepts continued address- 
ing propeller developments, mixed flow turbine designs and the use of composite materials for primary structures. 
Other research involved reviewing innovative air transportation systems, such as those required by remote offshore 
drilling activities. 


Road Transport 


Projects jointly sponsored by TDC and the Roads and Transportation Association of Canada concerned R&D on 
heavy multiple-unit truck configurations, including a multi-year study initiated in 1983 to standardize weight and 
dimension regulations across Canada. Other projects looked into pavement testing and maintenance techniques. 
TDC also participated in technology exchanges with Japan concerning pavement technology in cold regions. 


A substantial portion of road transportation R&D was directed at the study of alternative fuels or alternative power 
sources for road vehicles. This included tests on propane fueled diesel engines using various ignition concepts. Work 
on electric vehicles concentrated on battery development, such as the design of lithium molybdenum disulphide 
batteries for vehicles. High-capacity intercity bus designs were also being investigated as prospective Canadian 
products, from both an operating and a manufacturing point of view. 


Other Research Activities 


A special new funding allotment was obtained in 1983 for the conduct of additional R&D into technologies di- 
rected at the transportation for elderly and handicapped travellers. This new three-year program made possible a 
large-scale data collection project to document the target population and its special needs. Other new projects 
included the development of aids for the communication impaired and the cognitively impaired, and the development 
of transfer vehicles for use in airports, fairs and other large activity centres. 


Transportation technologies specially adapted to short-distance urban transportation, such as the SailRail con- 
cept, and transportation innovation using micro-electronics were investigated. Safety, in its multimodal significance, 
and the analytical methods suitable for rational R&D decision-making were the subject of TDC sponsored studies. 
Long-range transportation options, such as high-speed surface passenger transportation systems for the principal 
Canadian corridors, were evaluated in comparison with more conventional services. Finally, special off-road vehicle 
technology for use in Canada’s northern remote areas continued to be the subject of studies, prototype designs and 
tests. 


TDC participated in the organization of several transportation conferences in 1983-84, notably the Transportation 
Research Board in Washington, the International Air Transportation Conference in Montreal, the Canadian Transpor- 
tation Research Forum in Regina, and the Roads and Transportation Association of Canada conference in Edmonton. 


FINANCIAL REVIEW 


TDC’s R&D funding statement for the 1983-84 fiscal year is compared with that of the preceding year in Table 1. 
The most significant changes from last year stem from: 


a) The allotment of $286,000 from the Ministry of State for Economic and Regional Development for research 
into transportation for the elderly and the handicapped; and, 

b) The 20 per cent increase in funding from Energy, Mines and Resources Canada in support of the Energy 
R&D Program. 


Table 2 presents a comparative profile of TDC’s financial and human resource allocations for 1982-83 and 
1983-84. 


Most of TDC’s R&D funding in 1983-84 was expended on 577 contracts with 206 external organizations, with a 
small proportion used as contributions to joint projects with provincial governments. TDC’s expenditures for R&D 
contracts and contributions amounted to $13 million, a four per cent increase over 1982-83. Expenditures on sala- 
ries and administration represented a small and decreasing proportion of total expenditures, reflecting an increased 
workload for the staff complement, which totalled 52.5 person-years. This increased workload was accomplished in 
part through improved management practices and in part through decreased technical involvement of TDC staff in 
individual R&D projects. 


As in previous years, provincial governments and industry contributed funds for joint R&D projects. In 1983-84, 
these contributions amounted to $2.9 million, bringing the total of TDC-managed R&D funds to $15.9 million. 


The importance of external funding to TDC’s R&D base budget is illustrated in Figure 1, which traces funding 
sources over the last seven fiscal years. In 1978-79, external sources contributed only a small fraction of TDC’s total 
R&D budget. In 1983-84, external funding sources were responsible for augmenting TDC’s base R&D budget by 
almost 400 per cent. The growing importance of external funding sources has meant that more and more of TDC’s 
activities are being directed at tasks assigned by these R&D sponsors. In turn, this has required that TDC devote 
substantial efforts to coordinating, managing and evaluating research activities jointly with these sponsors. It has 
become apparent that the additional workload generated by external R&D contributions cannot be maintained or 
grow in future without increases in TDC’s project management resources. The annual funding allotments for rail 
freight and Arctic marine R&D are expected to remain constant until 1986. But other funding sources, such as 
industry and the Energy R&D Program, may increase their contributions in coming years, precipitating corresponding 
increases in volume of work. 


Table 1 


TDC COMPARATIVE R&D FUNDING STATEMENT 
1982-83 AND 1983-84 
(thousands of dollars) 


R&D FUNDING SOURCES 1982-83 1983-84 


CONTROLLED BY TDC: 


TDC BASE: 

R&D Contracts, Grants & Contributions 

Ministry of State for Economic & Regional Development: 
Rail Freight R&D Program 
Elderly & Handicapped Program 


Sub-total 


MANAGED BY TDC: 


Ministry of State for Economic & Regional Development: 
Arctic Marine R&D Program 
Energy, Mines & Resources Canada: 
Energy R&D Program 
Supply & Services Canada (R&D Bridge Funds) 
Transport Canada 
Other Government Departments 


Sub-total 
Total 


OTHER SOURCES: 


Contributions from Canadian Industry 
Contributions from Provinces 


Sub-total 
Total 


* Includes a $1 million contribution (pro-rated from a total of $5 million) from the province of British Columbia 
for B.C. Rail electrification projects. 


Table 2 


TDC PROFILE 
1982-83 AND 1983-84 
(thousands of dollars) 


Salaries 
Administration 


Contract Research: 
Professional & Special Services 
Controlled Allotments 


Program Support 
Total TDC Budget 


TDC Person-Years 
Person-Years from Controlled Allotments 


Total Person-Years 


R&D Funds Managed by TDC 


Industrial, Provincial Funding Contributions 


Total Value of TDC R&D Program 


Multi-Year Value of R&D Program* $23.8 million $28.4 million 


* Represents the total value of all active R&D contracts in a given year. 
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Table 3 


TDC R&D FUNDING BY PROGRAM ELEMENT AND BY SOURCE 
1983-84 
(thousands of dollars) 


R&D PROGRAM | TDC | TRANSPORT Ab ape INDUSTRY, ere 
ELEMENT BASE | CANADA (BRIDGE FUNDS) | eee ENTS | PROVINCES, OTHER 


Rail 1,999 1,769 5,459 
Marine 


Air 
Highway 
Urban 
Multimodal 


Off-road & 
Pipelines 


Tracked, Levitated 
Vehicles 


Elderly & 
Handicapped 


Program Support 739 
ee 4,252 465 3,594 3,916 43 1,918 15,894 
(26.75%)| (2.95%) (22.6%) (24.63%) (0.27%) (18.36%) (100%) 
Figure 2 presents a breakdown of TDC’s R&D funding by source, while Table 3 analyzes TDC funding by R&D 
program element as well as by source. It can be seen that rail R&D was the largest single R&D program element in 
1983-84, owing in part to contributions from industry and provinces. It is also shown that Energy, Mines and Resources 


Canada constituted an important supplementary funding source in all modal sectors. The greater part of funding for R&D 
in areas requiring long-term development, such as tracked, levitated vehicles, was provided by TDC. 


Figure 3 
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$9.0 MILLION 


1981-82 TO 1983-84 
(FEDERAL FUNDS) 


FY 1982-83 
$12.5 MILLION 


FY 1983-84 
$13.0 MILLION 
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28% 
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31% 
MARINE MARINE 
36% 30% 
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3% 
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8% 
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3% 


OFF-ROAD & PIPELINES 
2% 


TRACKED, LEVITATED 
VEHICLES 
2% 


PROGRAM SUPPORT 
6% 


The evolution of TDC’s R&D program and the distribution of federal funds among the different program elements are 
shown in Figure 3. It can be seen that 1983-84 expenditures were nearly 50 per cent greater than those of 1981-82. 
The two modal sectors of rail and marine transport remained dominant with almost 60 per cent of all funds assigned to 
R&D activities in these areas. It is also notable that program support expenses, principally computer operations, library 
and publishing services, and DSS contract administration services, declined to approximately six per cent of total R&D 


expenditures. 
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Figure 4 


REGIONAL DISTRIBUTION’ OF TDC R&D EXPENDITURES 
1983-84 
(thousands of dollars) 


TOTAL FEDERAL FUNDING 
OF TDC R&D PROGRAM: $12.980 


Coa 


OR Ul 


| ALTA. $1,000 | QUE. $4,900 


B.C. $1,300 


[nese 


wz 


\e- 


* Regional distribution determined by head office location of the prime contractor 
** National Capital Region 


Table 4 


REGIONAL & MODAL DISTRIBUTION OF TDC R&D EXPENDITURES, 
1983-84, FEDERAL FUNDS 
(thousands of dollars) 


TOTAL {. ALBERTA | SASKATCHEWAN | MANITOBA | ONTARIO ** | QUEBEC] N.B.| NOVA SCOTIA | NFLD 
($000) ) (%) 


Rail 
Marine 

Air 
Highway & 
Urban 
Other* 


— 100% 100% 100% 
a ($12,976)| ($1,316) | ($1,024) ($70) 


* Includes multimodal, off-road & pipelines, tracked levitated vehicles, elderly & handicapped, and program support 
** National Capital Region 


Figure 4 presents the regional distribution of TDC’s R&D expenditures of federal funds. This distribution is mainly 
a reflection of the geographic distribution of industrial and governmental capabilities in transportation technology 
development. Table 4 analyzes the distribution of TDC’s federal R&D funds by mode as well as by region. 


Us 


Figure 5 


TDC R&D EXPENDITURES BY PERFORMING ORGANIZATION 
1983-84, FEDERAL FUNDS 


Sk ihe We ee all 
\ AGENCIES, PROVINCIAL GOV'T 
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MANUFACTURERS 
33% 
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6% 
TS UNIVERSITIES 


Table 5 


TDC R&D EXPENDITURES BY PERFORMING ORGANIZATION AND BY MODE 
1983-84, FEDERAL FUNDS 
(thousands of dollars) 


MODE 
PERFORMING RAIL MARINE 
ORGANIZATION 


Consultants 
(%) 5,219 (42%) 
Manufacturers 
(06) 4,176 (33%) 
Operators 
(e) 1,425 (11%) 
Other Federal 
oi ellis 706 (6%) 
rt aes 191 (2%) 
Research 
Institutes 
ae 636 (5%) 
Non-profit 
Agencies 
Ms 114 (1%) 
Provincial 

Governments 
(%) ai 


$ 3,690 (100%) | $4,041 (100%) $ 1,777 (100%) | $ 1,403 (100%) $1,610 (100%) $12,521 (100%) 


* Includes multimodal, off-road & pipelines, tracked levitated vehicles, elderly & handicapped, and program support 
** Excludes DSS fees 


Figure 5 presents a breakdown of TDC’s research expenditures by performing organization, while Table 5 analyzes 
these expenditures by program element as well as by performing organization. Consulting firms and manufacturers are 
the performing organizations in three-quarters of all program expenditures. Manufacturers and operators are the major 
performing organizations in rail R&D projects, consultants in marine projects, and manufacturers in air projects. 
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Figure 6 Figure 7 


RATIO OF TOTAL TDC R&D PROGRAM TDC R&D PROGRAM VALUE’ 
VALUE TO TDC BASE BUDGET: PER PERSON-YEAR 
FINANCIAL LEVERAGE, 1979-80 TO 1983-84 


1979-80 TO 1983-84 


5 
SUP Project 
@ Officers 
2 Only 
: : 
2) e 
3.74 ® @ Project 
a 500 Management 
5 g Staff * 
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2 s 200 
=) 
2 
= 
1 
79-80 80-81 81-82 82-83 83-84 79-80 80-81 81-82 82-83 83-84 


* All funding sources included 


** Executive Director, Associate Director, 
3 Division Chiefs and Project Officers 


Figure 6 traces the financial leverage provided to TDC’s R&D program by external funding sources over the last five 
fiscal years. In 1983-84, external sources boosted the value of TDC’s R&D program to almost four times its base R&D 
budget. 

Figure 7 illustrates the dramatic increases in project management workload since 1979-80, in terms of R&D dollars 
managed per person-year. It is quite likely that maximum staff productivity has been achieved, and further growth in 
TDC’s R&D program will depend on additional person-year allocations. 
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Annual Review 
Transportation Development Centre 
Fiscal year ending 31 March 1985 


I am pleased to present the 1984-85 annual review of the Transportation Development Centre (TDC). The review 
summarizes TDC’s activities and achievements during the fiscal year that ended March 31, 1985. It also outlines the 
general trends in the development of transportation technologies during the year. 


TDC’s research and development (R&D) program continued to depend greatly on consultation and co-operation 
with its many partners, particularly with other Transport Canada components, and with Canadian transportation 
operators and manufacturers. 


Increased funding for the Rail Freight and Arctic Marine R&D Programs, combined with funds from the Energy 
R&D Program of Energy, Mines and Resources Canada, permitted TDC to continue to focus its R&D efforts on rail 
freight and Arctic marine transportation, as well as on energy conservation technologies. 


TDC’s R&D program for the mobility disadvantaged grew significantly during the year. It now accounts for more 
than seven per cent of TDC’s R&D activities. 


Record industrial and provincial funding contributions raised the value of TDC’s R&D program to five times the 
centre’s base budget. This is a strong indication that TDC is accepted by its R&D partners. However, higher funding 
is a double-edged sword, because it also increases the burden on TDC’s overtaxed professional staff. 


I must express my deep appreciation and admiration for the dedicated professional work of TDC’s staff in 
meeting the challenges of this program. Looking to the future, TDC must focus on the issue of human resources and 
productivity within TDC if it is to sustain its fine record of achievements in transportation R&D. 


UY Phe ALA 


N.E. Rudback 
Executive Director 
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Introducing TDC 


The Transportation Development Centre (TDC) is the centralized research and development arm of Transport 
Canada. Its primary purpose is to manage R&D projects leading to a safer, more effective Canadian transportation 
system. 


TDC’s R&D projects fall into two broad categories : 


1) those which support the operational, regulatory, policy planning, and evaluation functions of Transport 
Canada; and, 


2) exploratory work directed towards transportation topics that are high-risk, long-range, and national in scope. 


TDC looks at all modes of transportation and all stages in the creation of new transportation technology, from 
concept definition to operational deployment. 


The experimental work is conducted in government, industrial, and university laboratories. Full-scale trials are 
conducted in the field. TDC’s base budget is supplemented by funds from federal and provincial governments, from 
other government agencies, and from industrial sources such as carriers and manufacturers. The ratio of outside 
funds to TDC’s base budget has grown steadily over the years; at the end of 1984-85, it was 5:1. This high ratio is a 
reflection of the confidence displayed by the Canadian transportation community in the TDC managerial record. 


TDC projects produce tangible results, including technical reports, data, designs, laboratory and prototype hard- 
ware, and prototype operational systems. These are turned over to the appropriate agencies within Transport 
Canada, or to the appropriate industrial organizations, in an effort to ensure that the fruits of research and develop- 
ment are used to make transportation systems safer and more efficient. 


TDC research has supported Transport Canada’s mission in many ways. Three examples reflect the diversity of 
TDC’s work : it produced a management implementation study for the Canadian Airspace System Plan; it demon- 
strated a train data recording system aimed at improving railway safety; and it conducted research into the safety and 
stability of truck configurations which opens the way to uniform standards across Canada. In these and many other 
cases, technology developed in Canada is being used to benefit transportation in this country. 


TDC’s relationship to Transport Canada and its internal organization are illustrated on page 17. 


Organizational Performance 


In 1984-85, TDC managed approximately $14 million in federal funds for transportation research and development. 
This total comprised : TDC’s base budget of approximately $4.2 million; $2.3 million in controlled allotments for the 
Rail Freight R&D Program and for the Elderly and Handicapped Program; and $7.3 million from other federal sources. 
The provinces and industry provided an additional $7.2 million, bringing the total value of TDC-managed R&D to 
$21.1 million. See page 8 for detailed financial information. 


TDC’s budgetary allocation was 49.8 person-years, including four from the Energy R&D Program, 1.5 from the 
Arctic Marine R&D Program, and two from Transport Canada’s Elderly and Handicapped Program. TDC’s profes- 
sional staff, drawn from a wide variety of disciplines, work as researchers, project developers, co-ordinators, manag- 
ers, and conceivers of technological innovations. TDC had a staff of 44 on March 31, 1985; they are listed on 
page 17. 


All of TDC’s professional staff are involved in planning and organizing the Centre’s R&D program. This process is 
carried out throughout the year. It involves consulting with Transport Canada, other federal agencies, and 
industry-based R&D advisory boards and evaluating R&D proposals submitted to TDC or to the Department of 
Supply and Services (DSS). An average of 50 proposals are under consideration at any one time. In 1984-85, TDC 
reviewed 100 proposals from DSS with a value of $29.6 million. Sixteen of the proposals, worth $4.7 million, were 
accepted and administered by TDC. The ratio of accepted-to-rejected proposals in the transport field has more than 
doubled in recent years. This increase suggests a significant improvement in the quality of transport-oriented 
proposals and a greater involvement of Transport Canada officers in communicating with contractors eager to 
propose innovative solutions to transport problems. 


TDC’s library plays an important role in the planning and conduct of the Centre’s R&D program by identifying 
current and completed work on topics under consideration, keeping the professional staff up to date on transportation 
R&D elsewhere, and supporting researchers. In 1984-85, the library sent about 5,000 journals, reviews, and newslet- 
ters to the staff and conducted 70 computerized reference searches. It acquired about 1,150 new titles, consulted 
about 15,000 documents, and circulated about 4,500 documents. It also completed, published, and distributed two 
major bibliographies, one on marine technology, the other on navigation in ice. 


TDC processed about 12,000 volumes of TDC-sponsored research reports, and distributed more than 6,000 publi- 
cations to the transportation community and the general public. 


Various financial activities were conducted in support of TDC’s R&D program. Some 5,000 financial transactions 
were processed. Financial controls and records were maintained on more than 400 project files. And the staff pre- 
pared associated planning, budgeting, accounting, and management information reports. 


TDC was the subject of a financial functional review and a departmental administrative functional review. The 
financial functional review team concluded that TDC’s finance office was efficiently run. It found that employees were 
conscientious, well-motivated, and well-trained; that good management control was maintained over contracts; that 
departmental procedures were observed; and, that TDC’s computerized management information system met the 
Centre’s requirements. 


The administrative functional review team concluded that administrative services at TDC were managed efficiently 
and effectively, due primarily to strong management support and a dedicated and knowledgeable staff. The review 


team found that the clients were well served by TDC’s administration and library, despite limited resources and 
substantial work-load. 


TDC participated extensively in workshops, conferences, and seminars held by the scientific community. TDC 
staff wrote 27 papers, gave 33 presentations, and participated in 28 conferences, eight of which TDC chaired or 
organized. A list of scientific and technical papers written by TDC professional staff begins on page 19. 


TDC hosted a number of international visitors and researchers, including : Professor Ryohei Kakumoto of the 
Japan Transport Economics Research Centre, who compared the economic characteristics of Japanese and Cana- 
dian transport; the Chinese delegation on Rail Cost Study Mission; Rev. John Collins of the Joint Council for the 
Physically and Mentally Disabled, Hong Kong; and, D.A. Vogelzand, of the Dutch Council of Disabled, Utrecht, 
Holland. 

TDC also hosted visits from the organizers of the Canadian Pavilion and the Yukon and Northwest Territories 
Pavilion at Expo 86 in Vancouver, and supplied them with overviews of Canadian transportation technology 
developments. 


TDC received the Five-Year Gold Certificate for its fund-raising performance with Centraide. 
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R&D Program Achievements 


Marine Transport 


Thirty-two per cent of TDC’s R&D activity* — the largest share of any one mode — was devoted to marine 
transport projects. These were in the domains of Arctic navigation and icebreaking technology. Some of the 
highlights : 


— TDC was commissioned by the Canadian Marine Transportation Administration (CMTA) to redesign the bow of 
the M.V. Arctic to improve performance of the commercial vessel in ice and open water. Models of several Canadian 
designs were tested. The most promising of these was tested against the ship’s existing bow and a European design 
in test basins in Canada and two European countries. The Canadian design offers an 80 per cent improvement in ice 
transiting performance over the existing bow, and is considered the most suitable for the Canadian Arctic. Full-scale 
tests are planned. 


— TDC tested an improved air bubbler system to control the formation of ice. The test conducted in Thunder Bay 
was so successful in guaranteeing the opening day of port loading berths in the spring that a permanent system is 
being installed. The system will make possible more efficient use of Canadian ports, and experience gained from the 
tests will contribute to harbour ice management activities in the Arctic. 


— Through a long-standing agreement between Transport Canada and the U.S. Department of Transportation, 
operating data from voyages of the U.S. Coast Guard ship Polar Sea in Arctic and Antarctic waters has been made 
available to Transport Canada. TDC, in co-operation with CMTA, analyzed the data. It will be made available to 
industry, for use in developing new designs, and to the appropriate regulatory authorities within CMTA. 


Rail Transport 


Nineteen per cent of TDC’s R&D effort in 1984-85 was devoted to rail transport. Generally speaking, TDC’s rail 
projects were aimed at providing safer, more efficient railway service in Canada. Most of the projects were also 
applicable to the United States, where Canadian manufacturers have access to the market. Some highlights of the 
program : 


— TDC evaluated off-the-shelf train data recording systems in service, at the request of the Canadian Transport 
Commission. Such systems provide knowledge of train operating conditions immediately before an accident, thus 
helping experts to determine the cause. There are approximately 1,000 rail accidents in Canada each year, and this 
project is already reducing their number and cost. 


— TDC supported the development of technology for an end-of-train monitoring system, and successfully tested a 
prototype. A modified system that will meet American Association of Railroads and other standards is being devel- 
oped, and will be tested in Canada by the railways. This system will save Canadian railways $60 million a year by 
eliminating the traditional caboose and its crew. Canadian manufacturers of the system will also benefit from exports 
to the United States, where there are already about 1,500 caboose-less freight train starts daily. 


* $13.9 million federal funds, Figure 4 


— TDC exchanged railway technology with Australia to help develop an improved rail grinding system using conven- 
tional equipment. This system, developed in co-operation with the Railway Association of Canada, is particularly 
important in the mountainous regions of Western Canada where heavy loads are carried over numerous Curved 
sections. Extended rail life in curves, decreased wheel wear, improved fuel consumption, and reduced frequency of 
rail grinding will result in an annual cost saving approaching $1 million. 


— TDC supported the development of a facility for testing single-cylinder diesel engines. The facility will be used for 
combustion research on existing, modified, and new engines for rail and other applications in Canada. This will lead 
to greater fuel economy for railway locomotives and the use of off-specification fuels. 


— In a joint venture with a major Canadian railway, TDC developed and tested a concrete slab for track mounting in 
tunnels. The tests indicated the slab will provide reduced track maintenance and greater operating safety in tunnels, 
where derailments can cause major system delays. 


Air Transport 


Eleven per cent of TDC’s R&D effort was devoted to air transport. The projects were largely divided between 
support to the Canadian Air Transportation Administration (CATA) and Canadian aerospace manufacturers. Some of 
the highlights : 


— In a major co-operative venture with CATA, TDC conducted a system engineering management implementation 
study for the Canadian Airspace System Plan. This CATA plan represents a thorough modernization of the Canadian 
airspace system, and will provide increased air traffic capacity at a very high level of safety. TDC’s management plan 
provides for the orderly transition from the existing system to the modernized system, without disruption of air traffic 
services. 


— The International Civil Aviation Organization has selected the microwave landing system (MLS) as the new inter- 
national standard, to go into effect within 10 years. TDC, using technology developed in Canada, supported the 
design of MLS components to satisfy future Canadian needs and to compete in the world market. In addition to 
meeting operational requirements, this equipment may be largely tested on the ground, thus saving money by reduc- 
ing flight tests. 


— TDC, in co-operation with the Canadian Aviation Safety Board, studied the behaviour of light bulb filaments under 
crash conditions. A resulting manual for aircraft accident investigators has become the accepted international 
standard. 


— Projects aimed at improving the fuel efficiency of Canadian-manufactured aircraft and engines have been under 
way for several years. One project helped select more efficient propeller blades for the de Havilland Dash 8 aircraft. 
This is one factor that has made the Dash 8 a fuel efficient, productive aircraft, claiming a major share of the world 
market. 


Road Transport 


Ten per cent of TDC’s R&D effort was devoted to highway-related projects. Most of these were carried out in 
co-operation with one or more provincial governments. Some typical R&D projects : 


— A joint project supported by all of the provinces, the trucking industry, and the federal government explored the 
safety and stability of existing and new truck configurations through analytical and experimental work on a specially 
designed tilt table. The research is expected to lead to new, uniform standards across Canada, which will permit 
greater system productivity with an assured level of safety. 


— A study proposed by the Roads and Transportation Association of Canada, at the urging of the provinces, 
investigated the characteristics of truck-trailer trains with double drawbar dollies. The results of analytical and full- 
scale tests, carried out in co-operation with the National Research Council, established design and operating criteria 
for safer operation. These criteria have already been used on Canadian fleets. 


— TDC sponsored conceptual design studies of high-capacity intercity buses and tests of a European articulated 
intercity bus. The technical and operational information derived from these two ventures contributed directly to the 
design and manufacture of an articulated high-capacity intercity bus in Canada. This vehicle is designed specifically 
for use in North America, and features improved safety, passenger comfort, handling, and productivity. 


— TDC was instrumental in establishing a co-operative research project with Japan, entitled Paving in Cold Areas 
(PICA). This project will benefit both countries by providing a broader data base for studies, and initiating joint 
research programs. Improvements in safety and reduced maintenance costs are expected. 


Transportation of the Elderly and Handicapped 


Recognizing that the application of technology can make it possible for elderly and handicapped Canadians to 
enjoy existing transportation services more fully, TDC devoted more than seven per cent of its R&D effort to this 
specialized field. Some highlights : 


— TDC supported the development of an internal lift system for carrying wheelchair occupants onto intercity buses. 
A prototype installation is being demonstrated in Newfoundland, and a Western Canadian bus manufacturer is plan- 
ning to produce the system. 


— Facilities for moving elderly travellers, children, and wheelchair occupants through Canadian air terminals are 
largely non-existant, and individual assistance is frequently required. TDC developed and tested a small carrier for 
alternative transfer (SCAT), which largely eliminates the need for individual attention. SCAT could be adapted to 
other large terminals and sites. 


— Many wheelchair occupants and other handicapped persons cannot use rental cars, because cars fitted with hand 
controls are expensive and not available in most rental locations. TDC supported the development and testing of a 
hand-control system that is relatively inexpensive and that can be easily installed in, and removed from, standard 
cars. This system makes it possible for car rental agencies to better serve handicapped travellers. 


— TDC staff organized sessions, wrote papers, prepared exhibits, and worked on committees in six national and 
international conferences on transportation of the elderly and handicapped. TDC published a Canadian Directory of 
Access Guides, and distributed 300 copies. TDC also provided technical assistance to Access Denied, the third film 
in the Disability Myth series. 


Other Research Activities 


TDC conducted individual projects in a number of other transportation fields, including : 


— Urban transportation 

— Off-road vehicles 

— Tracked, levitated vehicles 

— Multimodal systems 

— Transportation safety 

— Hazardous goods risk assessment 
— Slurry pipelines 


TDC continued to play an active role in activities for Expo 86, a world exposition showcasing futuristic transporta- 
tion and communication technology. Organization work was also started for the Conference on MAGLEV and Linear 
Drives, the International Conference on Mobility and Transport for Elderly and Handicapped Persons, and the Third 
International Heavy Haul Railway Conference. 


Vancouver's light rail transit system, the ALRT. 


Financial Overview 


Table 1 compares TDC’s R&D funding statement for 1984-85 with 1983-84. The most significant changes from the 
previous year are the result of two factors : 


1) Research into transportation for the elderly and handicapped took full advantage of the enhanced funding 
programs authorized by Treasury Board in 1984-85; and, 


2) Departmental and other sources of funding were increased in 1984-85 to balance cuts in energy R&D 
funding. 


Table 2 compares TDC’s financial and human resource allocations for 1984-85 with the previous year. 


Most of TDC’s R&D funding in 1984-85 was spent on 524 contracts with 208 external organizations. A small 
proportion was used to contribute to joint projects with provincial governments. TDC spent $13.9 million on R&D 
contracts and contributions, seven per cent more than in the previous year. Salaries and administration accounted for 
a small and decreasing proportion of total expenditures, reflecting an increased work-load for TDC staff. This in- 
creased work-load was accomplished partly through improved management and partly through decreased technical 
involvement of TDC staff in individual R&D projects. 


As in previous years, provincial governments and industry contributed funds for joint R&D projects. In 1984-85, 
these contributions amounted to $7.2 million, bringing the total value of TDC’s R&D program to $21.1 million. 


The importance of external funding to TDC’s R&D base budget is illustrated in Figure 1, which traces funding 
sources over eight fiscal years. In 1977-78, external sources contributed only a small fraction of TDC’s total R&D 
budget. In 1984-85, external sources provided five times as much funding as TDC’s base R&D budget. The growing 
importance of external funding has meant that TDC’s activities are increasingly directed at tasks assigned by R&D 
sponsors. In turn, this has required that TDC devote substantial efforts to co-ordinating, managing, and evaluating 
research activities with these sponsors. 


Table 1 


TDC COMPARATIVE R&D FUNDING STATEMENT 
1983-84 AND 1984-85 
(thousands of dollars) 


R&D FUNDING SOURCES 1983-84 1984-85 


CONTROLLED BY TDC: 


TDC BASE: 

R&D Contracts, Grants & Contributions 
Augmented Rail Freight R&D Program 
Elderly & Handicapped Program 


Sub-total 


MANAGED BY TDC: 


Canadian Marine Transportation Administration: 

Arctic Marine R&D Program 1,309 
Energy, Mines & Resources Canada: 

Energy R&D Program 3,916 
Supply & Services Canada (R&D Bridge Funds) 706 
Transport Canada 465 
Other Federal Government Departments _ 43 

Sub-total 6,439 


Total $12,976 


OTHER SOURCES: 


Contributions from Canadian Industry 1,750 
Contributions from Provinces 1,051 
Contributions from Municipalities 

and Federal Government lla We 


— 


Sub-total 2,918 7,197 


Total $15,894 $21,108 


Table 2 


TDC PROFILE 
1983-84 AND 1984-85 
(thousands of dollars) 


1983-84 1984-85 


Salaries 
Administration 


Contract Research: 
Professional & Special Services 
Controlled Allotments 


Program Support 
Total TDC Budget 


TDC Person-Years 
Person-Years from Controlled Allotments 


Total Person-Years 


R&D Funds Managed by TDC 13,911 


Industrial, Provincial Funding Contributions 7,197 


Total Value of TDC R&D Program $21,108 


Multi-Year Value of R&D Program* $28.4 million $31.6 million 


* Represents the total value of all active R&D contracts in a given year. 
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millions of dollars 


Figure 1 


TDC R&D FUNDING SOURCE TRENDS' 
1977-78 TO 1984-85 
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Supply and Services Canada 

Energy, Mines and Resources Canada : Energy R&D Program 

Canadian Marine Transportation Administration : Arctic Marine R&D Program 
Augmented Rail Freight R&D Program 

Includes Elderly & Handicapped Program 
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Figure 2 


TDC R&D FUNDING SOURCES 
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TDC R&D FUNDING BY PROGRAM ELEMENT 
1984-85 
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Figure 2 presents a breakdown of TDC’s R&D total funding ($21.1 million) by source, while Figure 3 analyzes TDC 
funding by R&D program element. It can be seen that Marine R&D was the largest single R&D program element in 
1984-85, owing in part to contributions from industry and provinces. It is also shown that Energy, Mines and Resources 
Canada constituted an important supplementary funding source. Record contributions from industry, provincial 
governments and other sources, almost 2.5 times the previous fiscal year, have significantly boosted the value of the 
total TDC R&D program. The greater part of funding for R&D in areas requiring long-term development, such as tracked, 
levitated vehicles, was provided by TDC. 
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Figure 4 


TDC R&D EXPENDITURES BY PROGRAM ELEMENT 
1982-83 TO 1984-85 
(FEDERAL FUNDS) 
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The evolution of TDC’s R&D program and the distribution of federal funds among the different program elements are 
shown in Figure 4. It can be seen that 1984-85 expenditures were 11 per cent greater than those of 1982-83. The two 
modal sectors of rail and marine transport remained dominant with 51 per cent of all funds assigned to R&D activities 
in these areas. It is also notable that program support expenses, principally computer operations, library and publishing 
services, and DSS contract administration services, remain stable at approximately six per cent of total R&D 
expenditures. 
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Figure 5 


REGIONAL DISTRIBUTION’ OF TDC R&D EXPENDITURES 
1984-85 
(thousands of dollars) 
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Figure 5 presents the regional distribution of TDC’s R&D expenditures of federal funds. This distribution is mainly a 
reflection of the geographic distribution of industrial and governmental capabilities in transportation technology 
development. 


Figure 6 
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Figure 6 presents a breakdown of TDC’s research expenditures by performing organization for 1984-85 and the 
previous year. In 1984-85, consulting firms and manufacturers are the performing organizations in 70 per cent of all 
program expenditures, a decline from the previous year, while operators have increased to 16 per cent. Manufacturers 
and operators are the major performing organizations in rail R&D projects, consultants and operators in marine projects, 
and manufacturers and consultants in air projects. 


Figure 7 Figure 8 
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Figure 7 traces the financial leverage provided to TDC’s R&D program by external funding sources over the last six 
fiscal years. In 1984-85, external sources boosted the value of TDC’s R&D program to five times its base R&D 
budget. 


Figure 8 illustrates the dramatic increases in project management work-load since 1979-80, in terms of R&D dollars 
managed per person-year. TDC productivity exceeds that of similar R&D organizations. 
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TDC ORGANIZATION CHART 


ASSISTANT | 
DEPUTY MINISTER 
L STRATEGIC PLANNING | 
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PROGRAM DEVELOPMENT 


RESEARCH LIBRARY 


SENIOR SPECIAL ADVISOR & 
PROGRAM DEVELOPMENT 


CURRENT ADVANCED 
TECHNOLOGY DIVISION TECHNOLOGY DIVISION 


TDC Staff as of 31 March 1985 


Rudback, N.E. Executive Director 

Boivin, L. Secretary 

Sidhom, A. Chief, Finance & MIS 

Germier, P. Accounts Clerk 

Groulx-Fortin, J. Finance Clerk 

Taillon, L. Accounts Clerk 

El-Khoury, Y. Accounts Officer 

Tasse, J. Acting Chief, Administrative Services Division 
Therrien, M. Head, Publications Section 
Pérez, J. French Editor 

Dore, W. Graphics Illustrator 

Daveluy, S.G. Purchasing Clerk 

Beaulac, H. Acting Supervisor, Office Services 
Daraiche, R. Index Clerk 

Baribault, M. General Clerk 


BUDGET & FINANCE 
SECTION 


ADMINISTRATIVE SERVICES 
DIVISION 


TECHNOLOGY APPLICATIONS 
DIVISION 


TDC Staff as of 31 March 1985 (Continued) 


Suen, L. 
Verville, J. 
Kosta, G. 
Smith, B. 
Heron, R. 
Smith, T. 
Bertrand, R. 
Myers, B. 
Nogrady, J. 
Ekins, G. 


Audette, M. 
Sadubin, M. . 
Laframboise, J.E. 
Morgan, J.H. 
Versailles, C.A. 
Avni, M. 
Posliuns, H. 


McLaren, W.S.C. 
Beaupre, C. 
Nishizaki, R.S. 
Rowan, W.G. 
Bayly, |.M. 
Dibble, D.W. 
Gore, N. 


Whitehead, D. 
McLoughlin, S. 
Marshall, B. 
Sabounghi, R. 
Hirou, C. 


Acting Associate Director, Program Development Branch 
Secretary 

Secretary 

Project Officer, Special Needs 

Senior Development Officer 

Senior Research Officer 

Senior Development Officer 

Senior Development Officer 

Head, Research Library 

Librarian 


Acting Chief, Advanced Technology Division 
Secretary 

Senior Development Officer 

Senior Development Officer 

Senior Development Officer 

Senior Development Officer 

Senior Development Officer 


Chief, Current Technology Division 
Secretary 

Senior Development Officer 

Senior Development Officer 

Senior Development Officer 

Senior Development Officer 

Senior Development Officer 


Chief, Technology Applications Division 
Secretary 

Senior Development Officer 

Senior Development Officer 

Research Engineer 
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TDC Scientific and Technical Papers: 1984-85 


Audette, M., with A.R. Eastham. Research, Assessment, and Prospects for Implementation of Maglev in Canada. 
Paper presented at the International Conference on Maglev Transport — Now and For the Future, Solihull, England, 
October 1984. 


Audette, M., with B.A. Genest, and D.B. Sanders. Comparative Evaluation of Technologies for High Speed Ground 
Transport. Paper presented at a meeting of the Transportation Research Board, Washington, DC, January 1985. 


Avni, M. Signalling and Control Workshop : Rapporteur’s Report. Paper presented at the Symposium on Application 
of Microelectronics to Transportation, Ottawa, Ontario, October 1984. 


Bayly, |., with I.F. Green, F. Seibold, and R.P. Voelkner. Arctic Trafficability Program : A Review. Naval Engineers 
Journal, May 1984. 


Bayly, |., with C.G. Daley, J.W. St.John, and F. Seibold. Analysis of Extreme Ice Loads Measured on USCGC Polar 
Sea. Paper presented at the Annual Meeting of the Society of Naval Architects and Marine Engineers, New York, 
New York, November 1984. 


Dibble, D.W., with L.A. McCoomb. TDC Tank Car Safety R&D Program. Paper presented at the Combustion Institute 
Spring Technical Meeting, Fredericton, New Brunswick, May 1984. 


Heron, R. An Ergonomic Evaluation of SCAT, A Motorized Modular Platform Vehicle for Transfer of Elderly and 
Disabled Persons. Paper presented at the International Conference on Mobility and Transport of Elderly and Handi- 
capped Persons, Orlando, Florida, October 1984. 


Heron, R. Ergonomic Evaluation of the Elswick Envoy. Paper presented at the annual meeting of the Transportation 
Research Board, Washington, DC, January 1985. 


Heron, R. Transport Canada’s Development of a Ship Stress Warning System to Aid Navigation. Paper presented at 
the Ergonomics Society Annual Conference, Nottingham, England, March 1985. 


Hirou, C., with J.H. Keyser. Design, Construction, and Performance of Test Pavements at the Port of Montreal. Paper 
presented at the International Transport Congress, Montreal, Quebec, September 1984. 


Laframboise, J. Aerobac : Application as an Airport Rescue Vehicle. Paper presented at Canadian Society for 
Terrain/Vehicle Systems Symposium, Montreal, Quebec, April 1984. 


Laframboise, J., with B. Colbourne, P. de L. Markham, and J. Rapson. New Designs for ACIB Icebreaking. Paper 
presented at CACTS International Conference on Air Cushion Technology, Vancouver, British Columbia, September 
1984. 


Laframboise, J., M.A. Ball, et P. de L. Markham. Canadian Coast Guard ACIB 1982/1983 Trials. Canadian Aeronautics 
and Space Journal, December 1984. 
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McLaren, W. Overview of Rail Freight Program. Paper presented at AAR/TDC Information Exchange Meeting, 
Chicago, Illinois, November 1984. 


Morgan, J. The Canadian Government Program in Electric and Hybrid Vehicle R&D. Paper presented at EVAC meet- 
ing, Vancouver, British Columbia, April 1984. 


Myers, B., with G.W. Taylor. The Testing and Development of a High Capacity Highway Coach. Paper presented at 
the Institute of Traffic Engineers annual meeting, Ottawa, Ontario, June 1984. 


Nishizaki, R., with D. Baker. A New Bow for the Arctic. Paper presented at the International Association for Hydraulic 
Research meeting, Hamburg, West Germany, August 1984. 


Nishizaki, R., with A. Freitas. Model Tests of an Ice Class Bulk Carrier with the Thyssen/Wass Bow Form. Paper 
presented at the Fourth International Offshore Mechanics and Arctic Engineering Symposium, Dallas, Texas, Febru- 
ary 1985. 


Nishizaki, R., with R. Abdelnour, J. Hill and D. Howard. Ice Forms on Port Structures Resulting from Moving Ships. 
Paper presented at ARCTIC 85, San Francisco, California, March 1985. 


Sabounghi, L., with M. Brenckmann, and R. Soliman. Recent Canadian Tests with Verglimit Pavement and Compari- 
son with other Test Results. Paper presented at PICA (Paving in Cold Areas) Il, Tsukuba, Japan, October 1984. 


Suen, L., with T. Geehan. Canadian Applications of Information Technology in Public Transport. Paper presented at 
the Public Transport Symposium, Newcastle-upon-Tyne, England, April 1984. 


Suen, L., with P.O. Roer. /mpact Assessment of Vancouver Seabus. Paper presented at the Institute of Traffic 
Engineers, 9th Annual Conference, Ottawa, Ontario, June 1984. 


Suen, L., with J. Parviainen. Shared Vehicle Fleet Concepts. Paper presented at the Institute of Traffic Engineers, 9th 
Annual Conference, Ottawa, Ontario, June 1984. 


Suen, L., with J.D. Sims and S.E. Stewart. A National Framework for Urban Transportation Energy Management. 
Paper presented at the International Transport Congress, Montreal, Quebec, September 1984. 


Suen, L., with P.J. Kaulback. Canadian Development in Vehicle Technology for Transportation of the Physically 
Handicapped. Paper presented at the Third International Conference on Mobility and Transport for Elderly and Handi- 
capped Persons, Orlando, Florida, October 1984. 


Suen, L., with W.G. Atkinson. Recent Paratransit Experience in Canada. Paper presented at the Annual Meeting of 
the Transportation Research Board, Washington, DC, January 1985. 


Whitehead, D., with J.-M Rousseau. La Perspective en transport : une voie sans issue? Paper presented at the 
International Transport Congress, Montreal, Quebec, September 1984. 
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| am pleased to present the 1986-87 Annual Review of the Transportation Development 

Centre (TDC). The review summarizes TDC’s activities and achievements during the fiscal 
year that ended March 31, 1987. It also provides expenditure data which illustrate the broa 
national scope of the transportation research and development program carried out by TDC 


The success of TDC’s research and development program continues to depend heavily on 
consultation and co-operation with other components of Transport Canada, as well as with 
its many R&D partners in the private sector (operators, manufacturers, consultants, univers 
ties), other federal departments and other levels of government. 


Transport Canada’s operating groups sponsored R&D in mission-related Air, Marine, Surfae 
and Transportation for the Elderly and the Disabled activities. Matched contributions from 
industry and the provinces continued at a rate that reflects a healthy confidence in TDC’s 
managerial and technical abilities. 


Funds made available through the Energy R&D Program of Energy, Mines and Resources 
Canada provided TDC with essential support for its transportation energy R&D activities. 
Bridge funding from Supply and Services Canada continued to be an important source of 
funds for new research initiatives. 


The reorganization of Transport Canada combined with continued pressure to meet 
downsizing targets, reduce expenditures and improve operating efficiency posed significant 
challenges this year. | am proud of the positive response displayed by TDC’s staff in meet- 
ing these challenges. The professional excellence demonstrated by this dedicated team of 
women and men provides assurance that Transport Canada’s core R&D program will help 
keep Canada at the leading edge of transportation technology. 


NE (Cudleck 
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Executive Director 
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lan M. Bayly, senior development 
officer at TDC, and P.A. Spencer of 
Canadian Marine Drilling Ltd. of 
Calgary (centre right and left, re- 
spectively) receiving the 1986 Vice 
Admiral E.L. Cochrane Award for 
the best paper delivered before a 
section of the Society of Naval 
Architects and Marine Engineers at 
its 94th annual meeting. Presenting 
the award are, at left, Captain 
P.W. Nelson, Society President, 
and, at right, William B. Morgan, 
Chairman of the Marine Technology 
Committee. 


INTRODUCING IDG 


he Transportation Development Centre (TDC) is responsible for Transport 
Canada’s core program of research, development and demonstration of new 
transportation technologies. Its primary objective is to improve the safety, effi- 
ciency, productivity and accessibility of the nation’s transportation systems. 


TDC is a component of the Research and Development Directorate of Transport 
Canada’s Policy and Coordination Group (see the organization chart on page 25). 
Established in 1970, the Centre provides research support to other components of 
Transport Canada, and manages an R&D program covering a wide range of 
projects carried out with private industry, universities and transportation associa- 
tions. Based in downtown Montreal, TDC was involved in 320 research and 
development projects with a total value of $16.8 million in 1986-87. 


The Centre’s activities involve all transportation modes and all stages of the innovation 
cycle, from initial concept to demonstration and deployment. Strong emphasis is placed on 
mission-oriented R&D in areas where Transport Canada has direct operating responsibility. 


Research projects are often co-funded by Transport Canada directorates, other federal and 
provincial departments, private companies or industry associations. In 1986-87, outside con- 
tributions supplemented TDC’s base R&D budget by a factor of more than two. This partner- 
ship with Canada’s transportation and research communities demonstrates TDC’s role as a 
centre of technical and managerial expertise in the field of transportation technology. 


The technical data, research reports, equipment designs, laboratory hardware, computer 
software and prototype transportation systems that form the tangible output of the R&D 
effort reflect the knowledge and dedication of the Centre’s team of professional engineers, 
transportation planners and support staff. Working closely with other components of Trans- 
port Canada and the private sector to plan, implement and disseminate the results of its 
R&D program, TDC contributes directly toward improving the safety and efficiency of 
Canada’s transportation systems. 


This review describes some of the projects undertaken in the fiscal year that ended March 31, 
1987. The requirements were many and varied, from improved ice detection in marine 
environments, to greater safety in the transportation of dangerous goods. With the approach 
of the 21st century, Transport Canada, through its core R&D program, demonstrates its 
abiding commitment to excellence in transportation technology. 


RGD PROGRAM AGHIEVEMENTS 


Communi-caid provided information 
on airport facilities, flight arrivals 
and departures, ground transporta- 
tion services and facilities for dis- 
abled travellers at EXPO 86. 


TDG AT ERPO 8b 


f all federal departments, Transport Canada was the most closely involved in 
hosting EXPO 86, the overwhelmingly popular world exposition held in Vancouver, 
B.C., in 1986. With its twin themes of transportation and communications, 

EXPO 86 focussed world attention on two industrial sectors that have been crucial 
to Canada’s development as a nation. As Transport Canada’s main centre for 
research and development activities, the Transportation Development Centre was 
involved in demonstrations of state-of-the-art technologies that facilitated public 
access to EXPO and contributed to the high degree of interest in the summer-long 
event. 


Long before the gates to EXPO were opened, TDC was involved in developing an access 
plan for Canada Pavilion, and in planning transportation from Canada Place to the False 
Creek site. TDC also provided exhibit and event planners with valuable advice on accessibil- 
ity for disabled visitors. 


This edition of the annual review describes several demonstration projects — such as the 
Communi-caid booth at Vancouver International Airport, the Integrated Transportation Infor- 
mation System (ITIS), the Small Carrier for Alternative Transfer (SCAT) and a computerized 
transit scheduling system for the disabled — that made it easier for EXPO visitors to reach 
the site and get around the exhibition grounds. 


A number of R&D projects were subjects of displays at EXPO, including the Chameleon 
Bulktrailer (™), the Prévost articulated bus, a heavy-duty snowmobile for Arctic use and an 
energy-efficient tug and barge configuration. 


In the course of the exposition, TDC co-sponsored four international transportation confer- 
ences. Recent accomplishments in Arctic marine transportation research were presented at 
the International Polar Transportation Conference. The Conference on Maglev and Linear 
Drives brought together a group of technical authorities on non-contact suspension and 
propulsion technology, many of whom have collaborated with Canadian researchers in ef- 
forts to develop a truly advanced transportation system for urban and intercity applications. 


At the 1986 International Symposium on Heavy Vehicle Weights and Dimensions, 120 par- 
ticipants from 12countries gathered to discuss the impact of regulations on the safety and cost- 
competitiveness of intercity trucking. Organized by the Roads and Transportation Associa- 
tion of Canada, the symposium was part of a joint program by industry, provinces and 
Transport Canada to establish uniform weight and dimension regulations for highway vehi- 
cles in Canada. 


The Fourth International Conference on Mobility and Transport for Elderly and Disabled Per- 
sons reviewed the development of technological aids to improve the accessibility of trans- 
portation systems for passengers with special needs, and permit travellers with sensory 
impairments or learning disabilities to communicate and receive travel information. 


Canada Pavilion, EXPO 86 


SCAT shuttle service 


It is with a great deal of pride that TDC looks back on its involvement with EXPO 86. 
Coming in the midst of Transport Canada’s 50th anniversary celebrations, the exposition 
was a marvelous opportunity to display the results of its research and development activities 
to a world audience. In the months and years ahead, this R&D program will help to keep 
Transport Canada in the forefront of transportation research and development, supporting 
the development of state-of-the-art systems for the benefit of Canadian industry and the 
travelling public. 
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ITIS prototype at a Skytrain station 
in Vancouver 


MARINE TRANSPORT 


’ arine transport accounted for 33 percent of TDC’s research and development 
___ funding. 


— The major highlight of the marine transportation research program was the 

first voyage of the MV Arctic following the fitting of a new bow during the winter 

of 1985-86. Researchers tested the MV Arctic in open water and ice during its 
voyage to the Arctic port of Nanisivik in the summer of 1986. Performance 
measurements were used to evaluate and verify the results of model tests that 

had been carried out in three separate test basins. TDC is now conducting a series of 
open-water, ice-transiting and manoeuvrability tests to compare the new bow with the old one. 


— A streamlined barge form was developed to improve the productivity of West Coast 
barge operations. Using a more efficient fin that minimizes drag without impairing navigabil- 
ity, a model of a streamlined barge showed a 20% reduction in net costs for some 
operations. 


— As part of on-going studies to reduce the vulnerability of Arctic ships to ice damage, 
researchers learned that hydrodynamic forces associated with blockage of a propeller nozzle 
by ice pieces can be as significant as direct contact between ice and blade. The study 
provided valuable perspectives on the results of ice impact simulations conducted in pre- 
vious years. 


— Through instrumentation of the unprotected propeller and shaft of the MV Kalvik in au- 
tumn 1986, researchers collected data on direct ice interference in a variety of operating 
conditions. Tests included a series of ahead and astern manoeuvres in broken and unbro- 
ken ice, and will be supplemented with statistics on key parameters for an entire operating 
season. The data generated by this project will make it easier to predict propeller blade 
loads based on measurements of shaft torque and thrust. 


— Two modelling studies were conducted to correlate the added mass effects of water 
surrounding a vessel with the interaction between ship and ice, and with the ship’s effec- 
tiveness in breaking heavy ice. The results of these studies will help to improve ice impact 


Testing of the MV Arctic’s new bow analysis techniques to more accurately reflect the impact of added mass. 
showed a 60% improvement in level 
icebreaking performance. — As part of an on-going commitment to improve the safety of year-round Arctic navigation, 


a shipborne workstation that provides the crew with an integrated display of data from air- 
borne and marine radar was field-tested. The system provides range and bearing information 
as well as a record of the ship’s track, and helps operators to select waypoints. An ergo- 
nomic analysis of the workstation refined the design in ways that would permit more effec- 
tive navigation in ice and increase operator acceptance. 


— Following an initial study that identified potential uses for fibre optics in the electrically 
noisy and physically harsh environment aboard ships, further tests were sponsored to deter- 
mine the behaviour of fibre optic cables in a salt water environment, and demonstrate vari- 
ous applications aboard the CCGS Louis S. St. Laurent. The results of the project will be 
used to establish installation requirements and performance standards for fibre optic compo- 
nents on Canadian Coast Guard vessels and in other maritime applications. 


Adaptation of commercial sound de- 
tection and ranging (SODAR) 
equipment for marine use could fa- 
cilitate detection of small iceberg 
fragments. 


— The development of a computer simulation program of dynamic loading in marine cranes 
has provided researchers and crane manufacturers with a tool to use in building and testing 
motion-compensating cranes for sea-lift operations. The program incorporates the responses 
of two vessels to different sea states, the performance of a typical crane, and operator 
behaviour. Development of a crane that can automatically compensate for motion will re- 
duce the hazards that are sometimes involved in transferring loads between vessels and in 
placing and retrieving navigation buoys, towed arrays and submersible vessels. 


— Researchers completed the development of a passive marine radar reflector that will help 
ship pilots distinguish between onshore reflectors and other objects, thus improving their 
ability to navigate narrow waterways in poor weather. The system is relatively inexpensive to 
purchase and operate, because it does not require costly electronic equipment or shore 
power supply. 


— Several R&D projects have examined the application of conventional marine detection 
equipment in the tough northern environment. One study found that relatively inexpensive 
sonar systems used in commercial fishing trawlers can detect icebergs embedded in ice 
fields as well as in open water, leading to the development and testing of an ice-hardened 
sonar transducer. A separate initiative aimed at adapting commercial sound detection and 
ranging (SODAR) equipment for marine use could improve ships’ ability to detect small 
iceberg fragments at relatively close range, regardless of weather conditions, and could 
ultimately reduce the demand for Canadian Coast Guard emergency services. The system 
would measure changes in the pitch of incoming acoustic impulses that might signify the 
presence of dangerous fragments within larger concentrations of pack ice. 


Tests on the unprotected propeller 
and shaft of the MV Kalvik yielded 
new insights on the impact of ice in 
Arctic navigation. 


Control room of Bombardier’s re- 
search engine test facility 


RAIL TRANSPORT 


ighteen percent of the Centre’s research and development expenditures was allocated 
to the development of rail technology. Track and infrastructure projects accounted 

for approximately 50% of rail R&D funding, the remainder being spent on vehicle 
systems. Projects designed to produce significant improvements in safety and prod- 
uctivity are briefly described below. 


— TDC has participated in the development and promotion of steerable trucks for 

freight cars since the inception of the concept. Limited testing activities have indicated 
that this technology has the potential to reduce wheel flange wear by up to 75% and tread 
wear by as much as 30%. With this performance, significant reductions in energy consumption 
can also be expected. Current involvement includes the monitoring of 700 steerable truck 
carsets serving coal development sites in northeast British Columbia to determine long-term, 
in-service wear performance. 


— A modified grade crossing flashing light equipped with light emitting diodes (LEDs) was 
developed. The state-of-the-art electronic components incorporated in the light permit higher 
flashing rates that improve conspicuity. A structured test program to establish conspicuity 
improvements and driver perceptions was undertaken. Further testing under simulated field 
conditions is planned for the summer of 1987. This project has the potential of improving 
safety at railway/road crossings and reducing back-up battery capacity requirements and 
could provide Canadian equipment manufacturers with a North American market opportunity. 
Both the railways and the Canadian Transport Commission are cooperating in the implemen- 
tation of this project. 


— Railways provide the only surface link to many remote Canadian communities. A proto- 
type railbus was produced by equipping a highway bus with a steel wheel system to permit 
operation over railway trackage. The vehicle was tested and subsequently demonstrated in 
passenger service in northern Manitoba. It was established that such vehicles can provide 
satisfactory levels of service to remote locations at an estimated 60% of the cost of conven- 
tional passenger rail services. VIA Rail has been assigned the responsibility of further explor- 
ing the potential of railbus technology, which will include in-service testing of the British 
BRE-Leyland light diesel railbus. 


— Suspension problems identified on the LRC locomotives operated by VIA Rail prompted 
the development of a computer model to stimulate the dynamics of the locomotive. Subse- 
quent analysis led to the design of a retrofit package to stabilize the suspension systems. 
This modification is expected to extend the service life of wheels, thus reducing the fre- 
quency of costly reprofilings. 


— A prototype fuel saving system designed to shut down locomotive engines when idling 
and restart them on cooling to preset minimum engine temperature levels was developed 
and tested. It was found that this prototype device reduced annual fuel consumption by 5%. 
A second-generation system was then developed, incorporating microprocessor controls. 
Twerity-one of these devices are now being tested on Quebec North Shore and Labrador 
Railway locomotives. 


Behavioural tests were undertaken 
in the search for a more visible sig- 
nal for railway level crossings. 


— A single-cylinder diesel engine test facility, designed and built with TDC support, has 
increased the ability of Bombardier Inc., a leading Canadian manufacturer of transportation 
equipment, to test engine designs and alternative fuels and lubricants. The use of a single- 
cylinder engine instead of a multi-cylinder one reduces the cost and time constraints in- 
volved in developing modern diesel equipment. Bombardier is using the facility to test a new 
engine design that could significantly reduce fuel and maintenance requirements in several 
locomotive, marine and stationary applications. 


— An evaluation of the effectiveness of locomotive event recorders in providing information 
and data to support accident investigations was undertaken for the Canadian Transport 
Commission in cooperation with Canada’s two major railways. This study concluded that 
event recorders can provide valuable data to assist in the determination of accident causes 
and hence, in the long term, reduce hazards. The railways have now established programs 
for the fitting of their locomotives with these devices. 


— A system is under development to permit remote operation of switches by radio from the 
locomotive. This capability will be useful in remote areas where switching is currently han- 
dled manually by the train crew. By decreasing the number of train stops, the radio-operated 
controls will help to reduce fuel consumption, maintenance costs and trip times. The system 
is also designed to monitor switch position, locking and track circuit status: 


— A project is underway to develop a digital simulation model as a tool for the analysis of 
longitudinal accelerations of cars within a train. The model will be useful in determining 
forces generated through the length of the train when subjected to various train handling 
operations. This simulation capability is espected to result in improved coupler and car de- 
signs, thus reducing the number of component failures and increasing the safety of train 
operations. Incorporation of the model in a locomotive driver training simulator will be 
explored. 


LRC wheel assembly being modified 
to operate safely for extended peri- 
ods between reprofilings. 


DR-2 steerable truck being installed 
in train destined for coal service in 
Western Canada 


Mathematical modelling and graphic 
simulation will improve the stability 
and safety of tanker trucks carrying 
hazardous liquid wastes. 


HIGHWAY AND URBAN TRANSPORT 


» oughly 15 per cent of TDC’s R&D funding was allocated to the development of safer, 
_ more efficient technologies for highway and urban transport. Major achievements in 
1986-87 included the following: 


__ — The Vehicle Weights and Dimensions Program is a cost-shared initiative under- 
taken by federal and provincial governments and the trucking industry to establish 
the scientific basis for standard national regulations governing the weights and di- 
mensions of trucks. At present, a diversity of provincial regulations forces interpro- 
vincial carriers to operate at the lowest common vehicle weight and length permitted by the 
various provinces they serve. TDC’s major contribution was supporting the design, con- 
struction and installation of a specially designed tilt table for truck stability tests. 


— Researchers evaluated acoustic emission testing as a cost-effective means of improving 
the safety of compressed gas tube trailers. Current regulations require hydrostatic testing of 
the steel cylinders every five years at 1.5 to 1.76 times their working pressure, a practice 
that gradually weakens the cylinders. The proposed method could provide better testing and 
reduce the risk of tank contamination, while cutting the cost of the procedure considerably. 


— On-going work on acoustic emission testing aims to reduce the cost of using fibreglass- 
reinforced plastic (FRP) tanks to transport liquid wastes under low pressure. To date, the 
need to ensure quality by performing destructive tests on one tank in every production batch 
of new tanks has added to the manufacturing cost. Using non-destructive acoustic emission 
tests will improve the safety of FRP tanks and render them cost-competitive with rubber- 
lined, steel tanks. 


— Through computer simulation of seat suspension systems in heavy trucks, researchers 
measured the vibration transmitted to drivers by seats of current design. Following field tests 
of these seats, a new suspension system will be developed to reduce the incidence of lower 
back pain and certain other ailments among truck drivers. 

— The Chameleon Bulktrailer ‘™), a truck trailer that converts from a flatbed to a dry bulk 
Carrier, was developed and demonstrated. The vehicle features a collapsible fabric container 
that enables fleet operators to haul a wide range of bulk commodities in one direction, and 
flatbed traffic in the other. A full-scale prototype is now undergoing testing and evaluation. 


— Cold-weather performance testing demonstrated the fuel savings achievable using syn- 
thetic lubricants, instead of the conventional mineral-oil variety, in truck engines and drive 
trains. The project established that the superior performance of synthetic lubricants in many 
operating conditions more than compensated for their higher initial cost. 


— A research study is underway to identify potential energy savings in Canada’s trucking 
industry, which consumed 107 million barrels (650 petajoules) of fuel in 1984. The study 
links fuel consumption to driving habits, road surface, vehicle components and the inter- 
action among these factors. The results of the study will be made available to the industry 
for incorporation in driver education and fleet management programs. 


— In response to public concern for the safe transportation of dangerous goods, research is 
being carried out on the fundamentals of liquid vehicle design to improve the stability and 
safety of tanker trucks carrying hazardous liquids. The project involves mathematical model- 
ling of liquid sloshing inside a moving tank, and a graphic simulation to evaluate different 
tank and baffle designs. 


— As part of a joint Canada-Quebec program to support development and production of an 
articulated intercity bus, endurance tests on a prototype covering over 50,000 kilometres 
under a variety of operating conditions established the vehicle’s reliability and overall opera- 
tional suitability. Other tests confirmed manoeuvrability in garages, terminals, maintenance 
facilities and parking lots, and verified the performance of specific vehicle components and 
subsystems. A two-year demonstration service involving as many as 20 of the articulated 
buses is being planned. 


— The multi-mode, multi-media Integrated Transportation Information System (ITIS) was 
demonstrated during EXPO 86. ITIS is designed to transmit information on traffic conditions, 
public transit and intercity transportation schedules and hospitality services. The system 
provides a selection of appropriate routes for public transit or private vehicles in video dis- 
play or synthesized voice, by telephone, radio, home computer, video displays and cable 
television. Eight ITIS prototypes installed at Skytrain rapid transit stations throughout Greater 
Vancouver performed well and generated a high degree of public interest; five have been 
retained in service by B.C. Transit. As well, ITIS enabled EXPO Radio to broadcast voice- 
synthesized reports at 10-minute intervals throughout EXPO 86, providing details on parking, 
traffic conditions and congestion at border points. The same technology is now being devel- 
oped to provide weather forecasts for air and marine modes by radio and touch tone tele- 
phone. Demonstration of a prototype is scheduled to begin in Vancouver in April 1987. 


— A project was undertaken in cooperation with the Roads and Transportation Association of 
Canada to develop uniform national guidelines for left-turn signals to improve traffic flow and 
reduce accidents. The project report proposes guidelines covering the warrants and timing 

of left-turn phasing, the timing of change intervals and the traffic signals to be used for left 
turns at controlled intersections. The results of this project will be tabled before the Techni- 
cal and Research Committee of the Council on Uniform Traffic Control Devices in fall 1987 

to be considered for inclusion in the Manual of Uniform Traffic Control Devices for Canada. 


Research is underway to develop 
uniform guidelines for left-turn 
signals at Canadian intersections. 


The Chameleon Bulktrailer™ fea- 
tures a collapsible container, ena- 
bling carriers to convert the trailer 
to either a flatbed or a dry bulk 
Carrier. 


This multi-purpose van is in test 
service in Minitonas, Manitoba. 


Ambulance configuration 


TRANSPORTATION FOR THE ELDERLY AND THE DISABLED 


aking the transportation system accessible for the elderly and the disabled has 
been a continuing priority. The following accomplishments represent a sampling of 
the projects undertaken in 1986-87. 


— Outdoor and indoor models of an electric shuttle vehicle were designed and 
developed to help elderly and disabled people move through large passenger 
terminals. The outdoor model of the Small Carrier for Alternative Transfer (SCAT) 
carries four passengers on seats or two in wheelchairs, at speeds up to 16 km/h. 
The Canada Pavilion purchased three outdoor vehicles for service during EXPO 86. Tests of 
the smaller, less powerful indoor model at Dorval and Vancouver airports demonstrated that 
SCAT provides a welcome service for passengers with special needs. Design modifications 
have been implemented as a result of the tests, and Air Canada and Canadian Airlines Inter- 
national are considering the purchase of several units. 


— A portable, train-based wheelchair lift designed to complete a boarding in two minutes or 
less was successfully demonstrated in mock-up form. VIA Rail is undertaking the develop- 
ment and implementation of the final design. 


— Communi-caid, a prototype communication system that uses television monitors, a headset 
and synthesized voice to help passengers with sight, speech or hearing impairments get 
information on transportation facilities and services, was installed at Vancouver International 
Airport during EXPO 86. The innovative system enabled several hundred travellers to obtain 
specific information on flight arrivals and departures, transportation to downtown, accommo- 
dation, and facilities for the disabled at the airport and in the city. The prototype received 
favourable responses from a number of organizations representing the disabled. Testing of a 
simplified, single-screen version of the system is expected to begin in 1987. Researchers 

are also developing a portable communicator/translator for use by the speech-impaired or 
those who cannot communicate in English or French. 


— A two-speed, pedestrian-activated crosswalk signal for the elderly and the disabled is in 
demonstration service in Edmonton, following a design competition sponsored during Inter- 
national Youth Year in 1985. The device provides a special button for slow walkers or 
people in wheelchairs who require increased crossing time. The new signal is installed at an 
intersection adjacent to a senior citizens’ home, where pedestrians have difficulty crossing 
the street because of high traffic volumes. 


— A multi-purpose vehicle for remote rural areas has been developed. Designed to serve as 
a transportation vehicle for disabled persons, the refitted Maxi-van can be quickly converted 
for use as an ambulance. The vehicle features removable seats, a wheelchair securement 
system, stretchers, a two-way dispatch radio, oxygen and trauma kits. TDC and the Mani- 
toba Department of Highways and Transportation are cooperating in a 15-month, in-service 
evaluation that began in March 1987 in Minitonas. 


— The cost-effectiveness of accessible commuter rail for disabled passengers was evaluated 
at the request of Transport Canada’s Rail Passenger Directorate. To this end, an evaluation 
and decision-making tool was developed to allow transportation planners to compare the 
costs and benefits of a totally integrated service, a partially integrated service and a parallel 
service using vans, buses and taxis. The tool will help Transport Canada to formulate poli- 
cies and standards for accessible transportation. 


Computerized brokerage system in 
Edmonton improved the deployment 
of paratransit services. 


Computerized scheduling and res- 
ervation systems in Vancouver per- 
mit disabled passengers to book cus- 
tom transit vehicles in advance. 


— Co-sponsored by BC Transit, two computerized scheduling and reservation systems in 
Vancouver permit disabled passengers to arrange advance bookings on the company’s cus- 
tom transit vehicles by telephone. This initiative established the application of microcomput- 
ers in smaller special transit services, and yielded several computer software packages for 
special transit operators. To date, 50 copies of the ‘‘DART Manager Plus’’ have been 


distributed. 


— A computerized brokerage system that coordinates a variety of paratransit services, rang- 
ing from lift-equipped buses and vans to scheduled limousine service and shared taxis, was 
demonstrated in Edmonton. The brokerage concept reduced operating costs, enabling the 
city to accommodate an increase in customer demand within a reduced budget. 
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Design of a new air traffic control 
workstation will contribute to safety, 
productivity and economy. 


The establishment of special ground 
test facilities will reduce the cost of 
testing a new microwave landing 
system that will be standard equip- 
ment in Canada by 1995. 


AIR TRANGPORI 


rojects aimed at improving the safety and efficiency of air transport systems ac- 
counted for 15 percent of TDC’s 1986-87 research and development funding. Major 
accomplishments included the following: 


— The design of an improved air traffic control (ATC) workstation, incorporating the 
latest technological developments and ergonomic principles, has reached the 
mock-up stage. The workstation is designed to improve safety, capacity, productivity 
and economy through increased automation. Task analysis has been completed, and 
furniture for the prototype workstation has been ordered; hardware and software will be 
purchased in 1987. 


— An ergonomically designed single-user, computer-aided learning workstation will facilitate 
in-service training of ATC electronic technicians to familiarize them with new developments 
in the field and refresh their maintenance skills. A mock-up will be evaluated by a sample 
group of end users, with the intent of proceeding to prototype development. 


— The design of a ground test facility for a state-of-the-art microwave landing system (MLS) 
to be installed at Canadian airports was completed. The facility could help Transport Canada 
to reduce the cost of testing the new landing system by minimizing the need for expensive 
airborne tests. By 1995, the MLS is expected to replace the UHF/VHF instrument landing 
system now specified by the International Civil Aviation Organization as the primary aircraft 
landing system. 


— Preliminary development and feasibility testing has been completed of an automated x-ray 
detection system for airline baggage that will improve the effectiveness of airport security 
checks. The system measures the size, shape and opacity of objects in passengers’ bag- 
gage and alerts the operator to any item that might require further attention. Further devel- 
opment will be carried out to reduce the time required for detection. 


— A new computer graphics program will enable airports to improve service to the public, 
deploy staff more efficiently and help planners to design better terminals in the future. The 
program provides an animated display of predicted passenger flows based on airline sched- 
ules, gate assignments and terminal layout. Pedestrian densities throughout the building can 
be evaluated quickly, and effective solutions to congestion readily defined. 


— Performance criteria were developed for smoke masks designed to protect air passengers 
from smoke and toxic fumes in an aircraft fire. Research included laboratory tests to identify 
limitations in existing mask designs. 


— Following extensive development by Transport Canada’s Aviation Group, the first of a new 
generation of VHF radio direction finders (DF) has been introduced at Kingston Airport. 

Based on a proof-of-concept prototype constructed with TDC support, the new device prom- 
ises to provide better accuracy and performance than its predecessors at about half the 

cost. The VHF-DF is the principal navigation aid for airports with moderate traffic volumes. 
The new equipment is scheduled for deployment at approximately 20 airports across the 
country. 
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OTHER RESEARCH ACTIVITIES 


DC supported prototype design and testing of a heavy-duty Arctic snowmobile that 
can be ordered as a kit and assembled at its ultimate destination. The vehicle is 
rugged enough to survive the harsh northern climate, and can carry sufficient pro- 
visions and supplies for a two-week trip. Researchers are currently working on im- 
provements to the suspension system, and on the design of a lighter version of the 
snowmobile for use in deep snow. 


A ten-year program of research in slurry pipeline transportation concluded with the publica- 
tion of a comprehensive manual on slurry pipeline design. Produced by the Saskatchewan 
Research Council, the manual promises to become a standard reference for the design and 
construction of slurry pipelines. The manual consolidates state-of-the-art information on a 
full range of topics, including slurry preparation, flow principles, pipeline design, dewatering, 
environmental concerns, standards, costs and regulatory issues. 


ORGANIZATIONAL AND FINANCIAL OVERVIEW 


n 1986-87, TDC managed $11.2 million in federal funds for transportation research 
and development. This total comprised: a base budget of approximately $4.7 million; 
$1.1 million from the Transportation of Disabled Persons Program and from the 
Canada-Quebec Economic and Regional Development Agreement (ERDA); and, 
$5.4 million from other federal sources. Industry, provinces and other sources 
provided over $5.6 million, bringing the total value of the R&D program to 

$16.8 million. 


Table 1 compares TDC’s financial and human resource allocations for 1986-87 with 
1985-86, while Table 2 compares the R&D funding statement for the two years. 
The most significant changes from the previous year are the result of three factors: 


1) the discontinuance of the Augmented Rail Freight and Arctic Marine R&D Programs; 


2) the commencement of the Transportation of Disabled Persons Program, a Transport 
Canada program approved by the Cabinet Committee on Economic and Regional 
Development. The program provides $1 million in R&D funds per year for four years, 
about 80% of which will be managed by TDC; and 


3) the commencement of Canada-Quebec ERDA funding, which will provide major R&D 
support for future transportation-related R&D. 


Expenditures on R&D contracts and contributions totalled $11.2 million in 1986-87, most of 
which was spent on 320 contracts with 167 external organizations. A small proportion was 
used to contribute to joint projects with provincial governments. Salaries and administration 
accounted for a small and decreasing proportion of total expenditures, reflecting an in- 
creased work-load for TDC staff. 


The allocation for human resources was 49 person-years, including five from the Energy 
R&D Program. TDC’s professional staff, drawn from a wide variety of disciplines, work as 
researchers, project developers, co-ordinators, managers, and conceivers of technological 
innovations. There were 47 persons on staff on March 31, 1987; TDC’s organization chart 
and a list of staff members are presented on page 26. 


All of the professional staff are involved in planning and organizing the Centre’s R&D pro- 
gram. This process is carried out throughout the year. It involves consulting with Transport 
Canada, other federal agencies, and industry-based R&D advisory boards, and evaluating 
R&D proposals submitted to TDC or to Supply and Services Canada (DSS). An average of 
50 proposals are under consideration at any one time. In 1986-87, TDC reviewed 132 pro- 
posals from DSS with a value of $61.6 million. Eighteen of the proposals, worth $3.8 million, 
were accepted. In addition, 45 proposals for projects worth $6.3 million were submitted di- 
rectly to TDC. Eight of these projects, valued at $0.8 million, were accepted for 
implementation. 


The Centre’s research library plays an important role in the planning and conduct of its R&D 
activities by providing background information for new projects, keeping the staff up-to-date 
on work done elsewhere, maintaining a collection of documents to support TDC projects and 
providing services to tap the resources of many other libraries and documentation centres. 


In 1986-87, the library held about 26,000 documents. These documents were consulted or 
borrowed about 14,000 times. About 6,000 periodical issues were routed to TDC staff. The 
audio-visual collection was increased to 10,500 slides, 2,100 photographs and 160 video 
recordings. Lastly, the library produced a bibliography on wheel/rail interaction. 


The Centre’s Administrative Services branch processed about 25,000 incoming volumes of 
reports on research projects and distributed more than 31,000 publications to the transporta- 
tion community and the general public. 


Financial Services handled some 5,000 financial transactions valued at $11.2 million in sup- 
port of the R&D program. Financial controls and records were maintained on more than 
400 project files, and associated planning, budgeting, accounting and management informa- 
tion reports were prepared. 


In 1986-87, four publications were offered for sale through DSS: Freeway Management Sys- 
tems for Transportation Efficiency and Energy Conservation - Practical Planning Guide for 
Traffic Engineers; Guide to Marine Transportation Information Sources in Canada; Ships 
Navigating in Ice - a Selected Bibliography, vol. 2, 1980-1984; and Vehicles and Adaptive 
Aids for Elderly and Disabled Drivers - A Buyer’s Guide. More than 1300 copies of these 
publications have been sold to date. A fifth publication, Slurry Pipeline Manual - Design and 
Construction, is available from the Saskatchewan Research Council. 


A transportation energy seminar organized by Transport Canada’s Research and Develop- 

- ment Directorate was held in April 1986 in Montreal. Thirteen federal departments and agen- 
cies participated with representatives from industry, universities and other levels of govern- 
ment in a one-day session to examine recent advances in and future prospects for energy 
research in transportation. 


A two-day seminar on R&D activities relating to rail freight transportation was held in June 
1986. Co-sponsored by the Railway Association of Canada, the seminar was attended by 
over 150 participants representing government, the railway industry and the scientific 
community. 


TDC, on behalf of Transport Canada, also participated in a number of public exhibitions in 
1986-87: Salon Carriéres et Professions, Salon de |’Auto, and la Semaine des Sciences in 
Montreal; and various specialized events held at EXPO 86. 


The Centre’s staff participated extensively in workshops, conferences and seminars held by 
the scientific community. They prepared 29 technical papers, gave 14 presentations, partici- 
pated in 35 conferences, and organized or chaired another 12 conferences. A list of the 
scientific and technical papers prepared begins on page 28. 


In addition, the Centre hosted a number of international visitors and researchers, including: 
the Director of Great Britain’s Transport and Road Research Laboratory; the Chinese Metro- 
politan Transportation Delegation composed of government representatives and professional 
planners interested in Canadian urban transportation research and development activities; 
and two French delegations - one from France’s Institut national de recherche sur les trans- 
ports et leur sécurité, in an exchange of information on urban transport; the second was part 
of the sixth consultation meeting of the Canada/France Mixed Scientific and Technological 
Commission, concentrating on commercial marine transport. 


TABLE 1 


PROFILE OF TDG'S FINANCIAL AND 


HUMAN RESOURCES, 1980-86 AND 1986-87 


{thousands of dollars 


TDG BUDGET 


Salaries 

Administration 

Contract Research: 
Professional & Special. Services 
Controlled Allotments 


Program Support 


Total 


PERSONNEL 


TDC Person-Years 
Person-Years from Controlled Allotments 


Total Person-Years 


TOTAL ANNUAL ReD PROGRAM 


R&D Funds Controlled by TDC 
R&D Funds Managed by TDC 
Additional Contributions 


Total Value of TDC R&D Program 


Multi-Year Value of R&D Program* 


1980-86 


1,904 
907 


3,117 
2,472 


812 


$9,212 


45.4 
SES) 


50.9 


6,687 
TOM 
4,486 


$18,190 


$29.4 million 


* Represents the total value of all active R&D contracts in a given year. 


1986-8] 


We AE 
585 


4,068 
303 


645 


$7,373 


44 


49 


5,016 
6,202 
5,589 


$16,807 


$27.3 million 


IBLE 2 
TDG COMPARATIVE Ri FUNDING STATEMENT 


1985-86 AND 1986-87 
[thousands of dollars} 


RGD FUNDING SOURCES 1980-86 1986-87 


CONTROLLED BY 106 


TDC BASE: 
Contract Research 4,461 4,713 
Canada-Quebec Economic and Regional 
Development Agreement = 303 
Grants & Contributions 117 — 
Augmented Rail Freight R&D Program 1,694 = 
Elderly & Disabled Program 415 — 
Sub-total $6 , 687 $5,016 
Energy, Mines & Resources (Energy R&D Program) 2,400 2,685 
Supply & Services Canada (R&D Bridge Funds) 2,084 1,264 
Transport Canada: 
Marine Group 1,289 460 
Aviation Group 326 293 
Surface Group 469 282 
Policy & Coordination Group 
Transportation of Disabled Persons Program — 781 
Other — 205 
Other Federal Government Departments 449 232 
Sub-total OUI 6,202 
Total Funds Controlled and Managed $13, 704 $11,218 
Cost Sharing with: 
— Canadian Industry 2,016 2,750 
— Provinces 852 1,669 
— Municipalities 200 210 
— Other Federal Government Departments aaah! 960 
Sub-total 4,486 5,589 
Total R&D Funding $18,190 $16 , 807 


IBLE 3 
TDG PROJECT ANALYGtG, 
1982-89 10 1986-87 


PROJEGT VALUE NUMBER OF PROJECTS 
(thousands of dollars) 1982-83 1983-84 1984-85 1985-86 1986-87 


0-15 95 127 91 52 30 
15-30 45 68 72 59 49 
30-50 30 42 36 24 24 
50-100 50 61 Us 78 72 
100-250 48 71 88 91 93 
250-1, 000 22 29 40 56 52 
more than 1,000 2 2 7 1 0 
Total Number of Projects 292 400 409 361 320 


Average Value of Projects 95 90 138 128 139 


Table 3 provides statistics on the number and value of projects managed by TDC over the last 
five fiscal years. The significant change has been towards a greater number of high-value 
contracts. In 1986-87, the number of TDC projects valued under $15,000 was only one third 
the number in 1982-83, while the number of projects valued at $100,000 and over more than 
doubled in the same period. Average project value has increased 46% over this five-year 
period. 


TABLE 4 


COMPARISON OF PLANNED AND AGTUAL EXPENDITURES, 1986-8) 
[thousands of dollars } 


PROGRAM OPERATIONAL ACTUAL i) 
ELEMENT PLAN 


Rail Freight 1,999 1,582 79 
Rail Passenger 575 457 79 
Marine 3,900 Seis 95 
Air 2,256 1,689 75 
Elderly and Disabled R&D yur 969 82 
Highway 1,586 1,302 82 


Other modes (Urban, Tracked 
Levitated Vehicles, Multimodal, 


Off-Road) 1,437 859 60 
R&D Support 780 645 83 
Total 13, 708 11,218 82% 


Each year TDC prepares an Operational Plan that outlines the planned research and 
development program for the upcoming fiscal year. The plan describes the general objectives, 
specific targets and estimated expenditures for each of the various components of the R&D 
program. Table 4 presents a comparison of planned and actual R&D expenditures for 1986-87: 
82% of the planned $13.7 million of expenditures were actually realized. A qualititative review 
of the R&D activities undertaken in 1986-87 indicated that 112, or 74%, of the 151 targets 
specified in the operational plan for that year were achieved. Such a high degree of 
concordance between planned and actual performance is indicative of the superior quality of 
TDC’s R&D management. 


AGURE 
TDG RAD FUNDING SOURCE TRENDS 
1973-80 10 1986-87 


MILLIONS OF DOLLARS 
20 TOTAL VALUE OF TDC 
R&D PROGRAM 
18 
(16.8) 
16 INDUSTRY & PROVINCES 
14 
(11.2) 
12 OTHER 
FEDERAL DEPTS 
10 (9.7) DSS 
(8.5) | EMR® 
8 s 
6 (5.8) ERDAS 
(5.5) 
4 TDC BASE BUDGETS 
2 
79-80 80-81 81-82 82-83 83-84 84-85 85-86 86-87 


R&D contracts and contributions only, excludes items no longer in TDC program, i.e., University Program 
Supply and Services Canada 

Energy, Mines and Resources Canada: Energy R&D Program 

The Arctic Marine and Augmented Rail Freight R&D Programs ended in 1985-86 

Canada-Quebec Economic and Regional Development Agreement 

Includes Transportation of Disabled Persons Program 
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The importance of external funding to TDC’s R&D base budget is illustrated in Figure 1, which 
traces funding sources over eight fiscal years. In 1979-80, external sources contributed only 
a small fraction of TDC’s total R&D funding. In 1986-87, external sources more than tripled 
TDC’s base R&D budget. The importance of external funding has meant that a large part of 
TDC’s activities are directed at tasks assigned by R&D sponsors. In turn, this has required that 
TDC devote substantial efforts to co-ordinating, managing and evaluating research activities 
with these sponsors. 


Figure 2 presents a breakdown of TDC’s 1986-87 R&D funding by source. Energy, Mines and 
Resources Canada was an important R&D sponsor, funding a significant portion of TDC’s 
transportation energy-related R&D activities. As can be seen in Figure 3, marine R&D was the 
single largest component of TDC’s R&D program in 1986-87. Air R&D was the second largest 
component, owing in large part to substantial contributions from industry and provinces, which 
accounted for one third of the total value of TDC’s R&D program in 1986-87. 


FIGURE 2 


TDG RGD FUNDING SOURCES 
1986-87 


Note: Shaded area shows total Transport Canada funding: 40% in 1986-87, up from 30% in 1985-86. 
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HGURE 4 


REGIONAL DISTRIBUTION OF TDC R&D EXPENDITURES 
1986-8) 
[thousands of dollars) 


TOTAL FEDERAL FUNDING 
OF TDC R&D PROGRAM: $11,218 


NFLD. $74 a 


FOREIGN $59 


QUE. $2,890° 


N.S. $249 


S Does not include $2.4 million in TDC salary and administration expenditures 
Maly National Capital Region ($0.2 million Quebec, $2.1 million Ontario) 


Figure 4 shows the regional distribution of TDC’s R&D expenditures of federal funds. This 
distribution mainly reflects the geographical distribution of industrial and government facilities 
in transportation technology development. 
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* Excludes DSS fees 


Figure 5 shows TDC’s research expenditures by performing organization for 1986-87 and the 
previous year. In 1986-87, consulting firms and manufacturers were the performing organi- 
zations in over three-quarters of all program expenditures, a slight increase over the previous 
year. 


HGURE 6 
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Figure 6 traces the financial leverage provided to TDC’s base R&D budget by external funding 
sources over the last eight fiscal years. In 1986-87, external sources boosted the value of 
TDC’s R&D proaram to 3.6 times its base R&D budget. Figure 7 presents an analysis of project 
management workload since 1979-80, in terms of R&D dollars managed per person-year. The 
decline in financial leverage and the reduced average R&D funding managed per person-year 
in 1986-87 are attributed to the termination of two major funding sources, the Augmented Rail 
Freight R&D Program and the Arctic Marine R&D Program. 


TRANSPORT GANADA 
POLICY AND COORDINATION GROUP 


ORGANIZATION CHART 


1986 marked Transport Canada’s 
golden anniversary. Parliament pro- 
claimed the Department of 
Transport Act on November 2, 1936, 
Officially amalgamating the former 
departments of marine, railways and 
canals and the civil aviation branch 
of the air force into a single Depart- 
ment of Transport. 


TRANSPORTATION DEVELOPMENT GENTRE 


ORGANIZATION CHART 


TDG STAFF AS OF ot MARCH 1987 


Rudback, N.E. Executive Director 

Boivin, L. Secretary 

Suen, L. Chief, Research Analysis & Special Programs 
Verville, J. Secretary 

Kosta, G. Secretary 

Morgan, J.H. Senior Development Officer 

Smith, B.A. Project Officer, Special Needs 

Smith, T. Senior Research Officer 

Ekins, G. Acting Head, Research Library 

Marcoux, J.R. Development Officer 


(Secondment from Secretary of State) 


Sidhom, A. Manager, Financial Services 
El-Khoury, Y. Accounts Officer 

Germier, P. Accounts Clerk 

Taillon, L. Accounts Clerk 
Groulx-Fortin, J. Finance Clerk 

Ferland, N. Manager, Administrative Services 
Tasse, J. Supervisor, Office Services 
Daveluy, S.G. Purchasing Clerk 

Daraiche, R. Index Clerk 

Baribault, M. General Clerk 

Pérez, J. French Editor 

Therrien, M. Publications Officer 


Dore, W. Graphics Illustrator 


Avni, M. Chief, Advanced Technology Division 


Beaulac, H. Secretary 

Myers, B.B. Senior Development Officer 
Versailles, C.A. Senior Development Officer 
Audette, M. Senior Development Officer 
Posluns, H. Senior Development Officer 
McLaren, W.S.C. Chief, Current Technology Division 
Beaupre, C. Secretary 

Nishizaki, R.S. Senior Development Officer 
Rowan, W.G. Senior Development Officer 
Dibble, D.W. Senior Development Officer 

Gore, N. Senior Development Officer 
Nowicki, C. Development Officer 

Whitehead, D. Chief, Technology Applications Division 
McLoughlin, S. Secretary 

Marshall, B. Senior Development Officer 
Sabounghi, L. Senior Development Officer 
Vespa, S. Senior Development Officer 
Hryszko, M. Senior Development Officer 
Bertrand, R. Chief, Transportation Systems Technology Division 
Sadubin, M. Secretary 

Laframboise, J. Senior Development Officer 

Bayly, |. Senior Development Officer 


Semery, P. Senior Development Officer 


TDG SGUENTIFIG AND TECHNICAL PAPERS: 1986-87 


Bayly, |. with V. Laskow and P.A. Spencer. The M.V. Robert Lemeur Ice/Propeller Interac- 
tion Project: Full-Scale Data. Marine Technology, October 1986. 


Bayly, |. with B.C. Menon and I.F. Glen. Analysis and Design of Steering System Compo- 
nents for Arctic Class Ships. Paper presented at 94th annual meeting of the Society of Naval 
Architects and Marine Engineers, New York, New York, November 1986. 


Bayly, |. with M. Edgecombe and B. Cowper. System Design and Evaluation of USCGC 
Polar Sea 1985 Global Ice Impact Tests. Paper presented at meeting of the Society of Naval 
Architects and Marine Engineers (Arctic Section), Calgary, Alberta, November 1986. 


Dibble, D.W. with A.M. Birk. A Computer Model of a Rail Tank Car Carrying Hazardous 
Pressurized Liquids Exposed to External Fire Impingement. Paper presented at 1986 Haz- 
ardous Material Spills Conference, St. Louis, Missouri, May 1986. 


Dibble, D.W. Evaluation of Event Recorders. Paper presented at Seminar on Rail Freight 
Research and Development, Transportation Development Centre, Montreal, Quebec, 
June 1986. 


McLaren, W.S.C. Rail Freight Research and Development Program Overview. Paper pre- 
sented at Seminar on Rail Freight Research and Development, Transportation Development 
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a Transportation Development Centre 


ANNUAL REVIEW 
Fiscal Year ended March 31, 1988 


| am pleased to present the 1987-88 Annual Review of the Transportation Development Centre 
(TDC). The review summarizes TDC’s activities and achievements during the fiscal year that ended 
March 31, 1988. It also provides expenditure data illustrating the broad national scope of the trans- 
portation research and development program carried out by TDC. 


The success of the Centre’s research and development program continues to depend heavily 
on consultation and cooperation with other components of Transport Canada, as well as with its 
many R&D partners in the private sector (operators, manufacturers, consultants, universities) , 
other federal departments and other levels of government. 


Transport Canada’s operating groups sponsored R&D in mission-related air, marine, surface 
and transportation for the elderly and disabled activities. Collaboration with industry and the prov- 
inces continued at a rate that reflects a healthy confidence in the Centre’s managerial and technical 
expertise. 


Funds made available through the Energy R&D Program of Energy, Mines and Resources 
Canada provided TDC with essential support for its energy-related transportation R&D activities. 
Bridge funding from Supply and Services Canada continued to be an important source of funds for 
new research ideas emanating from the private sector. 


Recent federal policy decisions regarding science and technology, together with Transport 
Canada’s own commitment to a sustained Core R&D Program, will provide new direction for depart- 
mental research and development activities in the years ahead. TDC welcomes this new direction 
and looks forward to the challenge it poses. 


| am proud of the positive way in which TDC staff have responded to the need for 
organizational downsizing by calling on their professional skills and experience to meet the 
demands of increasing R&D activity. The commitment and dedication demonstrated by this capable 
team of men and women will help to ensure the successful delivery of Transport Canada’s new 
Core R&D Program, and keep Canada at the leading edge of transportation technology. 


UCC dback 


N.E. Rudback 
Executive Director 
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INTRODUCING TDC 


Transportation R&D Centre of Excellence 


The Transportation Development Centre 
(TDC) is responsible for Transport Canada’s 
core program of research, development and 
demonstration of new transportation technolo- 
gies. Its primary objective is to improve the 
safety, efficiency, productivity and accessibility 
of the nation’s transportation system. 


TDC is a component of the Research and 
Development Directorate of Transport 
Canada’s Policy and Coordination Group. Es- 
tablished in 1970, the Centre provides research 
Support to other components of Transport 
Canada, and manages an R&D program cover- 
ing a wide range of projects carried out with 
private industry, universities and transportation 
associations. Based in downtown Montreal, 
TDC was involved in 220 research and develop- 
ment projects with a total value of $15.2 million 
in 1987-88. 


The Centre’s activities involve all transpor- 
tation modes and all stages of the innovation 
cycle, from initial concept to demonstration and 
deployment. Research projects are often co- 
funded by Transport Canada’s operational 
groups (Aviation, Airports Authority, Marine, 
and Surface), other federal and provincial 
departments, private Companies, or industry 
associations. In 1987-88, outside contributions 
supplemented TDC’s base R&D budget by a 
factor of more than two. This partnership with 
Canada’s transportation and research commu- 
nities demonstrates TDC’s role as a centre of 
technical and managerial expertise in the field 
of transportation technology. 


The technical data, research reports, 
equipment designs, laboratory hardware, com- 
puter software and prototype transportation 
systems that form the tangible output of the 
R&D effort reflect the Knowledge and dedication 
of the Centre’s team of professional engineers, 
transportation planners and _ support staff. 
Working closely with its R&D partners to plan, 
implement and disseminate the results of its 
research program, TDC contributes directly to 
improving the safety and efficiency of Canada’s 
transportation system. 


This review describes some of the projects 
undertaken in the fiscal year that ended March 
31, 1988. The requirements were many and 
varied, ranging from upgrading marine search 
and rescue operations off the East Coast to the 
development of high-speed detectors of con- 
cealed explosives in baggage at airports. With 
the approach of the 21st century, Transport 
Canada, through its Core R&D Program, 
demonstrates its abiding commitment to excel- 
lence in transportation technology. 


Bi 


Long-term applications R&D: improved icebreaker design, 


the Des Groseilliers in action 


Exploratory R&D: the Canadian Maglev Concept 
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Sector-oriented R&D: the Chameleon truck 
trailer featuring a collapsible container 


Core R&D Program 


As part of Transport Canada’s sustained 
commitment to research and development, a 
new departmental Core R&D Program has been 
established. It consists of: 


@ exploratory R&D into emergent tech- 
nologies and disciplines; 


@ long-term applications R&D in support 
of departmental needs; 


@  sector-oriented R&D in support of the 
transportation Community. 


The objectives of this program are: 


1. To achieve timely technological inno- 
vation in support of departmental 
policy, operational, regulatory and 
procurement objectives; 


2. To contribute to the attainment of re- 
lated federal objectives in such areas 
as science and technology, energy, 
access for disabled persons, and 
industrial and regional development; 


3. To promote and facilitate timely tech- 
nological innovation in the Canadian 
transportation Community; 


4. To foster coordination of departmen- 
tal and broader national transportation 
R&D activities within and between all 
levels of government, the private sec- 
tor, universities, international agen- 
cies and other countries. 


RESEARCH & DEVELOPMENT POLICY _ 


Sustained and stable funding will be pro- 
vided for this core R&D: $7 million in 1988-89, 
$9 million in 1989-90, and thereafter at the level 
of 1.25% of the department’s capital or $9 mil- 
lion, whichever is the greater. 


TDC’s role in this program is to maintain a 
core of technological expertise and R&D project 
management capability. 


R&D COUNCIL 


The administration of the new program has 
been placed in the hands of the Assistant 
Deputy Minister, Policy and Coordination, aided 
by a new top-level Transport Canada Research 
and Development Council that will provide 
advice on objectives and priorities. 


The chairman of the R&D council is the 
Director General, Research and Development. 


There are twelve members’ representing 
Transport Canada’s operational groups and 
TDC. 


The creation of this new council underlines 
the importance R&D plays in improving the 
safety and efficiency of transportation. The 
council enables long-range priorities to be 
established and research to be carried out ona 
sustained basis. R&D can now go further into 
the future and not be subject to the ups and 
downs of an annual budget. 


Marine Transportation 


me | 


Research and development of marine 


transportation accounted for 27% of TDC’s R&D 
program in 1987-88. 


A target is located and retrieved during 
the tests of the system developed to 
detect small objects at sea. 


@ A major project undertaken with the 


Canadian Coast Guard involved upgrading 
search and _ rescue operations off 
Canada’s East Coast. A_ sophisticated 
radar processing system, infra-red sensing 
equipment and a highly accurate special 
navigation system were tested aboard the 
Sir William Alexander for their ability to 
detect small man-made objects such as 
boats, life-rafts and survival suits. The 
information gained from these tests repre- 
sents an important advance in knowledge 
regarding visual and electronic searches, a 
factor which could reduce the time 
between emergency call and rescue. This 
technology will not only help to save lives 
but will also reduce the cost of search and 
rescue operations. 


The thrust of several projects was to 


improve navigation in ice-covered waters: 


e@ An important project underway in collabo- 


ration with Canarctic Shipping Co. Ltd., of 
Ottawa, concerns the development of a 
navigation system integrating marine and 
airborne radars to provide on-board analy- 
sis of ice conditions ahead of the ship. 
This uniquely Canadian system, which 
includes STAR-VUE, a display system that 
automatically receives, stores and dis- 
plays data from airborne sources primarily 
by synthetic aperture radar imagery, and 
MARINE-VUE, an enhanced display of ship- 
borne radar, was tested aboard the MV 
Arctic. TDC is at present pursuing a 
number of technical upgrades to both 
STAR-VUE and MARINE-VUE. The system 
will be integrated into Canarctic’s Ship- 
borne Integrated Navigation Support 
System (SINSS), and will be retested 
aboard the MV Arctic in the fall of 1988. 


Parallel to the above activity, a prototype 
console was specially designed to contain 
the different elements of the new ice navi- 
gation system. It will be installed on the 
bridge of the MV Arctic for the 1988 ship- 
ping season. 


The effectiveness and range of operation 
of state-of-the-art systems for the remote 
measurement of sea ice were tested first 
in southern waters and then in the arctic. 
Results indicated that synthetic pulse radar 
was only effective if the ice was uniform 
and of the same temperature, whereas 
electromagnetic induction sensors were 
less sensitive to variations in the ice. 


Other projects concerned improving navi- 


gation in southern waters: 


@ To help vessels manoeuvring in confined 


waters such as narrow inlets and ports, a 
shipboard integrated marine navigation 
system (SINADS) was developed to inte- 
grate the increasing array of complex 
navigational information available from 
various sensors. One important feature of 


The development of a prototype precision 
radar and integrated navigation system 
(NAVFIX) for southern waters was under- 
taken. NAVFIX combines two Canadian 
technologies, an electronic chart naviga- 
tion system and a polarimetric radar posi- 
tioning system, with a French-developed 
radar positioning system (RADAR FIX). 
The prototype will be tested aboard the MV 
Atlantic Freighter. 


SINADS is its superimposition of radar over 
an electronic chart. This system will be 
evaluated aboard the Coast Guard survey 
vessel Nicolet in 1988. 


The thrust of another series of projects 
was to upgrade ship design and operation: 


@ In order to develop icebreaking perform- 
ance predictors, a comprehensive series 
of level ice resistance tests was performed 
on a 1:8 scale model of an “R” class ice- 
breaker at the National Research Council’s 
Institute for Marine Dynamics in St. John’s, 
Newfoundland. Test results were com- 
pared with available full-scale data and 
with tests done on smaller models (1:20 
and 1:40). Although more full-scale data is 
required, agreement between test results 
was in general excellent and has helped 
determine the influence of model scale on 
ice testing. 


e A decade of experience with a variety of 
innovative icebreaker designs produced 
for servicing oil rigs in the Beaufort Sea is 
being documented by analyzing data and 
interviewing operators. Results will show 
how design elements such as hull form, 
propulsion arrangements and _ auxiliary 
icebreaking devices affect performance in 
a variety of circumstances. 


e A powerful new way of modelling icebreak- 
ing processes and resistance is being 
developed for use on a personal com- 
puter. The distinct element method (DEM) 


Bridge of MV Caribou with SINADS 
integrated navigation display. 
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is applied to ship/ice resistance by model- 
ling ice stresses, deformation, breaking 
patterns, after fracture movements and 
forces, etc. 


e A mathematical model to simulate the 
effects of ice impact or load on the propul- 
sion shafting systems of icebreakers is at 
present being validated. It will be used to 
evaluate existing propulsion systems and 
eventually to produce upgraded designs. 


@ A 1:15 scale model of the Louis S. St. 
Laurent was used to study the blockage of 
shrouded propellers by ice. An important 
discovery made during the course of this 
project was that the additional thrust pro- 


vided by shrouded propellers was made A “prop buster” (left) fires ice at a 
even greater by the action of wing propel- propeller blade (right) while forces, 
lers in a three-propeller configuration. pressures, and reactions are measured. 


@ In another project studying the effect of ice 
on propellers, an ice-strengthened bronze 
blade was rammed into hard, fresh-water 
ice to measure the forces, pressures and 
reactions. Results will contribute to im- 
proved design for safer operation in ice- 
covered waters. 


@ A model of the MV Arctic was tested with 
combinations of hull surface roughness to 
determine the effect of the friction coeffi- 
cient on hull/ice interaction. Test results 
showed that the friction coefficient is de- 
pendent on the normal force, the type and 
roughness of the surface of the hull, and 
on the type and condition of the ice. Its 
effect was found to be _ significantly 
stronger at the bow than at mid-body. 


A 1:15 scale model was used 
to test the blockage of 
shrouded propellers by ice. 


@ A 1:30 scale model of the MV Arctic was 


tested to determine the effect of varying 
the mid-body length on icebreaking resis- 
tance. It was concluded that the influence 
of length on resistance varies with bow 
form, ship speed and ice thickness, and 
that the sensitivity of resistance to speed 
increases significantly with increasing fric- 
tion coefficient. 


A data base built up by Gulf Canada is 
being analyzed so that criteria for the 
design, operation and maintenance of ves- 
sels and structures exposed to the Arctic 
environment can be recommended. 


Other research included: 


TDC has supported an ongoing program of 
demonstrating the advantages of fibre- 
optic technology in marine applications. 
Past activity successfully proved that fibre- 
optic cables were suitable for the harsh 
and noisy environment on board ship. 


Draft standards for this technology 
were drawn up in 1987 during field tests 
aboard the Louis S. St. Laurent. TDC is 
now involved in having these accepted 
internationally. In the future, the possibility 
of adding fibre-optic cables to Coast 
Guard vessels during mid-life retrofits will 
be considered. 


Methods to prevent the build-up of ice on 
vessels operating off Canada’s East Coast 
were tested. Ice build-up can seriously 
endanger a ship’s stability, in addition to 
making the decks dangerous and the life- 
saving equipment unusable. The effective- 
ness of ice-phobic paints, heat tracing, 
inflatable panels, and air guns will be com- 
pared with installation costs and tested in 
the upcoming ice season. Recommenda- 
tions on the most promising technology will 
then be made. 


As a first step in the development of an ice 
navigation simulator, a mathematical 
model of the turning performance of ships 
in ice was developed. Two Coast Guard 
captains evaluated the model and gave it 
reasonable reviews except that they felt 
the visual aspects needed improvement. 
The results of this evaluation will be useful 
for future research relating to simulator 
development. 


In order to upgrade shipping operations 
concerning barges, various stern configu- 
rations were tested on a 1:15 scale model. 
Results showed the relative directional 
Stability of the different configurations 
during towing and measured the drag 
created while being pushed or towed. 
Recommendations of acceptable append- 
ages will be made. 


Methods to prevent the build-up 
of ice on a ship’s superstructure 


were tested. 


Highway and Urban Transportation 


Research and development of highway and A number of projects were concerned with 
urban transportation accounted for 21% of technology development and energy reduction: 
TDC’s R&D expenditures in 1987-88. 


e A joint federal-provincial project with im- e A joint project with Transports Québec 


portant consequences for the trucking 
industry was the work to standardize regu- 
lations concerning weights and dimensions 
across Canada. In February 1988, the 
Council of Ministers Responsible for Trans- 
portation and Highway Safety signed an 
agreement to introduce national standards 
for weights and dimensions that will allow 
the trucking industry to operate four stan- 
dard configurations of tractor-trailers 
through all jurisdictions. This will lead not 
only to improved highway safety but also to 
more efficient movement of goods, and 
savings for interprovincial carriers who, 
until now, were obliged to use trucks con- 
forming to the lowest accepted weight and 
shortest length. 


under the Canada-Quebec Economic and 
Regional Development Agreement (ERDA) 
involves a two-year service demonstration 
of the new articulated intercity bus devel- 
oped by Prévost Car of Ste-Claire, 
Quebec. The prototype was successfully 
tested by Voyageur for reliability and op- 
erational suitability. Voyageur is now await- 
ing delivery of 20 buses, which will be put 
into Operation between Montreal and 
Quebec City. This demonstration will test 
the reaction of travellers to a new level of 
comfort and spaciousness in bus trans- 
port. The articulated bus carries 48 
passengers in a space that would accom- 
modate 72 in a standard configuration. 


Prévost’s articulated buses go into operation on the Voyageur 
route between Montreal and Quebec City in fall 1988. 


e TDC is supporting the development of a 


45-foot intercity bus by Motor Coach Indus- 
tries of Winnipeg. The design will feature 
improvements in operating economics, 
passenger comfort and accessibility for 
disabled travellers. A standard 40-foot bus 
is being modified as a test vehicle, and 
then a prototype 45-foot version will be 
built for demonstration to operators and 
regulatory authorities. 


A low-cost weigh-in-motion system was 
tested in Ontario and Saskatchewan. 
New technology in the form of a piezo- 
electric cable sensor was used. Results 
showed an accuracy approaching that of 
existing equipment, which is much more 
expensive. 


The installation of a highway weigh-in- 


motion system using a _ piezo-electric 
cable sensor. 


e TDC was involved in a feasibility study for 


traffic management in Montreal for 
Autoroute 25, Metropolitan Boulevard, the 
Decarie, Ville Marie and Bonaventure 
expressways, and the Champlain Bridge. 
Among the study recommendations to be 
implemented in the future, an automatic 
incident detection system and electronic 
message signs warning drivers of prob- 
lems ahead will help make the best use of 
the existing infrastructure. 


TDC research recommended _ improve- 
ments in seat design for heavy trucks to 
reduce the amount of vibration transmitted 
to the driver to a range acceptable to the 
human body. 


Various mobile information aids, such as 
electronic maps and route guidance sys- 
tems, were studied in cooperation with the 
Province of Ontario. Recommendations on 
their transportation applications are ex- 
pected shortly. 


Positive results were achieved in a project 
concerned with measuring energy losses 
in the power trains of heavy vehicles and 
the extent to which these losses could be 
reduced through the use of synthetic lubri- 
cants. Relationships were established for 
the entire range of lubricants. 


A program has been initiated to study the 
cross-impact of the principal factors 
affecting the fuel consumption of heavy 
vehicles: driving techniques, trailer load 
configuration, rolling resistance caused by 
road surface, etc. Work will include the 
development of a model to assist trucking 
companies in the selection of driver/ 
vehicle/road combinations. 


The thrust of several projects was _in- ® In order to improve response to accidents 

creased highway safety: or other emergencies, the viability of radio 

using cellular network technology is being 

@® The stability of heavy vehicles was en- tested as a means of locating vehicles. 

hanced by the development of a computer This would be particularly relevant to the 
model to evaluate truck tank shape and transportation of dangerous goods. 

interior baffling to minimize liquid sloshing. 

This model will be calibrated and tested in ® Improved methods of controlling drifting 

collaboration with the Province of Ontario. snow across highways were developed in 

It should lead to safer transportation of cooperation with several provinces, territo- 

liquids, particularly dangerous goods, in ries and other federal government depart- 

tanker trucks. ments. Solutions to problems in 35 sites 

were implemented and monitored over the 

@ Methods for non-destructive testing of winter of 1987-88. A manual for local high- 


o 


fibre-reinforced-plastic tankers for the 
transportation of liquids were developed. 
Performance and acceptance criteria are 
being drawn up to enable agencies across 
Canada to regulate these vehicles. 


way departments is under preparation. 
These solutions could improve highway 
safety and reduce costs associated with 
snow removal. 


Improved methods of controlling drifting snow across highways were 
developed: a 2.5 m snow fence contains a large drift of snow. 
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Air Transportation 


Research and development of air transpor- 


tation accounted for 16% of TDC’s R&D pro- 
gram in 1987-88. 


@ One major highlight was a project to design 


an ergonomically sound workstation for air 
traffic controllers (ATC). A prototype was 
developed after new concepts in present- 
ing air traffic information had been studied. 
The workstation was installed and evalu- 
ated at Transport Canada’s Air Traffic 
Services Research and Experimentation 
Centre in Hull, Quebec. It will be used to 
assist in the development of future ATC 
workstations. 


Prototype air traffic control station 


The major thrust of several projects was to 


improve safety and security: 


Acting on behalf of Transport Canada’s 
Security Directorate, TDC was involved in 
the development and testing of a labora- 
tory prototype model of a_ high-speed 
detector of concealed explosives for use in 
both passenger and carry-on baggage 
screening at airports. The concept is 
based on the collection and analysis of 
explosive vapours absorbed on particulate 
matter loosely adhering to the exterior of 
clothing and baggage. Testing has demon- 
strated reliable operation. 


A study of the crashworthiness of small 
fixed-wing aircraft made an _ important 
contribution to joint U.S./Canadian aero- 
nautical research. More than 95% of the 
Canadian fleet falls into this category, and 
analyses of aircraft accidents suggested 
that many of the deaths and injuries could 
have been prevented by improved crash- 
worthiness. At a seminar held in March 
1988, recent U.S. and Canadian research 
was reviewed by more than 50 participants 
from industry, and future R&D efforts were 
outlined. 


The methodology for detecting wind shear 
conditions (rapid change of wind speed 
and direction) at airports was_ studied, 
along with methods for analyzing meteoro- 
logical data and for warning pilots of 
hazardous conditions. 


Bi 


e TDC and the Aviation Group’s Airworthi- 
ness Directorate were jointly involved in 
study of stowage and_ presentation 
arrangements for passenger protective 
breathing equipment on turbine powered 
transport category aircraft. The study was 
undertaken as_ part of an_ international 
movement to study the use of these 
“smoke masks” in case of cabin fire on 
board planes. Installation problems and 
costs have been enumerated, and they will 
be presented at the international level 
shortly. 


The purpose of other projects was to 
increase efficiency through using new 
technology: 


e In order to help Transport Canada reduce 
the cost of installing the new microwave 
landing systems (MLS) at Canadian air- 
ports, an MLS analyzer was developed for 
use in a ground test facility, thus avoiding 

The new generation of ELTs: the need for much expensive airborne 

ELT-100 (left) and ELS-10 (right) testing. In the near future, MLS is ex- 

So pected to replace the existing UHF/VHF 

instrument system now specified by the 

International Civil Aviation Organization as 

the primary aircraft landing system. 

Transport Canada’s first MLS facility will be 

implemented at Toronto Island Airport 

shortly. 


will be tested. 


e At the request of an interdepartmental 
task force chaired by Transport Canada’s 
Aviation Safety Programs, a_ feasibility 
study was carried out to determine 
whether it is possible to upgrade existing 
emergency locator transmitters (ELTs) at 
a reasonable cost. Field trials of the new 
generation of ELTs will commence this 
summer. TDC also plans to support the 
development of new low-cost “flyaway” 
ELTs. 


@ Parallel to the MLS analyzer, a study to 
develop basic specifications for MLS struc- 
ture frangibility was undertaken. Test re- 
sults indicate that low-mass, high-stiffness 
aluminum members with brittle aluminum 
fasteners could satisfy requirements. In 
the long term, reinforced plastics could be 
used. 


Artist’s rendering of one of several 
stowage and presentation schemes 
studied for passenger breathing 
equipment aboard aircraft 


@e TDC was involved in setting up experi- 
ments related to the establishment of air 
service to Pemberton, B.C., by short take- 
off and landing (STOL) aircraft aided by a 
microwave landing system (MLS). These 
experiments will provide guidelines for 
MLS/STOL approach procedures in tortu- 
Ous mountain terrain all over the world. 
Commercial service is sought for 1989. 


As part of TDC’s efforts to demonstrate 
the power of artificial intelligence tools 
and, specifically, expert systems technol- 
ogy, the diagnosis of electromagnetic and 
radio frequency interference (EMI/RFI) 
problems in air traffic control facilities was 
studied. The rules used in the diagnostic 
process were formulated with the 
cooperation of the Aviation Group’s EMI 
technologist. These were compiled into an 
expert Computer system together with the 
appropriate man/machine interface rou- 
tines. The use of such a system in the 
various Transport Canada regions should 
reduce dependence on _ headquarters 
experts. 


As a spin-off of the integrated transporta- 
tion information system (ITIS) demon- 
strated at Expo 86 in Vancouver, a tran- 
scribed weather broadcast (TWB) system 
based on ITIS technology was developed. 
It provides pilots with on-line computer- 
generated weather reports. A prototype 
functioned well at Vancouver International 
Airport and has been handed over to Air 
Traffic Control for a full-time six-month test 
commencing August 1988. Another spin- 
off of ITIS technology demonstrated at 
Expo, the automatic parking information 
service, has been sold to the Seattle/ 
Tacoma airport, and other sales in Canada 
and the U.S. are likely. 


A computer-based system to design, 
modify and evaluate instrument approach 
corridors for aircraft based on existing 
criteria was developed. The system, which 
is menu-driven for ease of use, enables 
users to interactively design an approach 
path and see theresult displayed in 3-D 


graphics. After successful testing in 
Ottawa, it is now going into prototype de- 
velopment. It will also be used to evaluate 
the new criteria essential to the introduc- 
tion of improved navigation facilities. Aero- 
nautical Information Services of Transport 
Canada’s Aviation Group originated the 
concept and provided the expertise for its 
development. 


A computer-generated image of 


mountains near the Pemberton 
Valley in British Columbia 


In order to improve air service to commu- 
nities in northern Canada, a system to 
establish criteria for runway width was de- 
veloped. The use of sophisticated optical 
technology will enable data to be collected 
automatically at small airstrips. Recom- 
mendations will be made for optimum 
width, which could bring about significant 
cost savings. 


Rail Transportation 


Research and development of rail trans- 
portation accounted for 15% of TDC’s R&D ex- 
penditures in 1987-88. 


The major thrust of several projects was to 
upgrade safety and performance standards: 


@ Over many years, TDC has participated in 
a research effort to modernize railway 
signalling and control systems. Following 
an industry-wide adoption of the Advanced 
Train Control Systems (ATCS) concept by 
North American railways, several sub- 
system specifications were published. One 
of these dealt with digital communications 
channels. TDC is sponsoring research into 
characteristics of a typical railway radio 
channel and the associated error/correc- 
tion scheme, in order to investigate the 
expected performance and_— system 
behaviour. The project will also include 
implementation of an encoder/decoder 
sub-system. 


@ The Hinton collision of February 1986 led to 
increased interest in enforcing compliance 


e A prototype computer model to simulate 


accidents was developed in cooperation 
with the department’s Transport of 
Dangerous Goods Directorate. The model 
is capable of simulating a derailment of up 
to forty rail cars including eight tank cars. 
During the verification process, the 
Mississauga derailment was simulated and 
the model’s predictions of the conse- 
quences were accurate. The model will 
help planners assess the outcome of acci- 
dents and plan safer alternatives. 


A project to study the behaviour of drivers 
at railway level crossings was _ initiated. 
Traffic at seven crossings equipped with 
three different signalling devices was 
videotaped during the summer of 1987. 
The tapes were analyzed for vehicle ap- 
proach speeds and occurrence of critical 
incidents that could have led to accidents. 
A videotape documentary is being pre- 
pared. 


Other projects were concerned with devel- 


with train movement instructions and in oping future equipment for more efficient per- 
eliminating human error. TDC is involved in formance: 
a project that will utilize elements of the 


ATCS to enforce the speed and authority e The steerable frame-braced freight car 


limits of the existing system in a fail-safe 
manner. The project allows for signalling 
instructions to be brought on board loco- 
motives by data radio well in advance of 
braking decisions. Brakes therefore can be 
automatically applied if the engineman fails 
to respond correctly. The testing and prov- 
ing of this system will be carried out over a 
six-month period. 


truck won a Design Canada Award in 1987, 
culminating a four-year research effort. 
Designed to counter curving and tangent 
track performance deficiencies in the stan- 
dard three-piece freight car truck, the 
frame-braced version is also a simpler and 
less costly alternative to the steerable 
cross-braced truck. The frame-braced 
truck is being marketed internationally with 
sales to the U.S. already achieved. 


@e TDC has been involved with the National 
Research Council (NRC) in the develop- 
ment of a full-scale multi-purpose rig for 
testing wheel/rail interaction, brakes, and 
bearings under controlled conditions. The 
test rig will be in place at the NRC’s 
Uplands facility by the fall of 1988 when 
functional testing will begin. The rig is port- 
able, allowing it to be moved to the NRC’s 
cold chamber for work requiring controlled 
climatic conditions. 


@ TDC is also part of a multi-sponsored pro- 
ject to develop and demonstrate a dual- 
fuel locomotive engine (diesel and natural 
gas). The preparatory design phase of this 
project is complete and a multi-cylinder 
engine is now being modified for eventual 


testing. 
Phase 1 design of a fabricated high- 
speed rail truck for mainline passenger A dual-fuel locomotive was designed to 
routes. run on diesel and natural gas. 


@ As part of a study with Transports Québec 
under the Canada-Quebec Economic and 
Regional Development Agreement, the de- 
sign of a fabricated rail truck suitable for 
high-speed, main-line passenger opera- 
tions on intercity and commuter routes has 
been conceptualized. A pair of prototype 
trucks is under construction as well as a 
truck frame. They will be field tested in a 
future phase of the project. 
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e A medium-speed single-cylinder research 


engine test facility has been developed. It 
consists of two test cells, each with a 
single-cylinder engine, a fuel-analysis labo- 
ratory and a_ turbo-charger test rig. 
Currently, a single-cylinder version of the 
Bombardier 251 engine is being developed 
with segregated oil circuits to allow for 
testing of oil in specific sections of the en- 
gine. Future activities will include the use 
of natural gas in operating the engine in a 
dual-fuel mode. 


e Future motive power requirements for 


Canadian railways and technological devel- 
opments for freight railways to the year 
2000 were evaluated. The results were 
presented to railways, locomotive manu- 
facturers and power utilities in a series of 
meetings. Preliminary reaction seems to 
be in favour of AC traction and steerable 
trucks. 


Future motive power requirements for freight were studied. 
Shown here, the GM SD 40-2 locomotive, today’s workhorse. 
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Transportation for Elderly and Disabled Persons 


Research and development of transporta- 
tion for elderly and disabled Canadians ac- 
counted for 10% of TDC’s R&D program in 
1987-88. 


The thrust of several projects was_in- 
creased accessibility to all forms of transporta- 
tion: 


® For a number of years, TDC has been in- 
volved in the development of internal 
wheelchair lifts for intercity buses pro- 
duced by Motor Coach Industries of 
Winnipeg. In 1987, work started on a pro- 
ject that will transfer this technology to 
Canada’s other intercity bus manufacturer, 
Prévost Car of Ste-Claire, Quebec. A pro- 
totype lift installation in a Mirage XL Coach 
has incorporated significant design im- 
provements. The entire lift assembly is lo- 
cated below floor level, which simplifies 
use and reduces weight, and bulky re- 
straint units have been eliminated. 


@ TDC is supporting a major demonstration 
of intercity bus service offering full acces- 
sibility for disabled travellers. In January 
1989, Canada Coach Lines will commence 
a three-year trial on their main corridor 
routes connecting Buffalo, Hamilton and 
Kitchener/Waterloo. Six buses equipped 
with wheelchair lifts will offer ten trips in 
each direction every day. The demonstra- 
tion will provide information on the poten- 
tial market for such a service, the eco- 
nomics and the operational issues to be 
resolved. 


@ TDC also sponsored work undertaken to 
make existing buses more accessible with- 
out having to do expensive retrofitting of 
internal wheelchair lifts. Full-scale working 
models of two University of Ottawa designs 
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are being constructed. Both use a special 
narrow wheelchair to transport passengers 
from the top of a station-based lift to their 
seats. If the concept proves effective, pro- 
totype units will be built for an operational 
demonstration. 


An effective wheelchair securement de- 
vice to ensure the safety of wheelchair 
users during transportation was conceived 
and built. Featuring an integrated passen- 
ger restraint and retractable four-point 
belts that secure the wheelchair to two 
movable floor housings, the device is safer 
and more comfortable for the passenger 
and is less time-consuming to secure than 
existing securement systems. It will be in- 
stalled in an Ottawa-Carleton Orion bus for 
evaluation. 


A securement device to ensure 


the safety of wheelchair users. 


In a joint Canada/Manitoba research 
activity, a prototype multipurpose vehicle 


Other projects were concerned with up- 


grading communication and technical aids: 


was evaluated in the rural municipality of 
Minitonas. The vehicle is designed to e 
transport elderly and disabled persons, 
and to rapidly convert into an emergency 


Research was carried out by the Canadian 
National Institute for the Blind to identify 
; : difficulties experienced by blind and visually 
vehicle. The 20-month in-service evalu- disabled travellers in transportation termi- 


ation, which included an ergonomic nals. The report discusses the physiologi- 
assessment, produced a valuable body cal impact of blindness, architectural 


verters and rural operators. could be made, and devices that could be 
installed to make terminals more “user 


friendly.” It will be a useful tool to improve 
terminals not only for the blind but for 
elderly travellers as well. 


This multipurpose vehicle was tested in 
the rural 
Manitoba. 


municipality of Minitonas, 


New design guidelines for transportation 
terminals address the needs of blind 
and visually disabled travellers. 
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A continuing project is the design of 
Communicaid, a system of integrated 
communication aids in transportation 
terminals for people with sight, speech or 
hearing impairments. An unattended ver- 
sion of the system, tested at Vancouver 
International Airport during Expo 86, has 
been developed. It consists of a single 
touch screen with simplified controls and 
magnification and contrast adjustment for 
those with sight impairment. A prototype 
version will be tested in Vancouver com- 
mencing in late 1988. 


Research into personal transportation was 


also undertaken: 


@ An automobile driving simulator is under 


development for the assessment and 
training of disabled persons as drivers. It 
will also be used for research purposes. 
Hardware for a prototype is almost com- 
plete and the visual software is well 
advanced. 


gis 
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Communicaid, a system of integrated communication aids, 


was tested at Vancouver International Airport. 


Other Research Activities 


The Arctic snowmobile SAMAK and the SEAMAK 


Research and development of other forms 
of transportation accounted for 5% of TDC’s 
R&D expenditures in 1987-88. 


The development of non-contact propul- 
sion technology for possible future transporta- 
tion use continued to be a subject of research: 


e The Samak, a rugged utility snowmobile @ One project involves the development of a 


developed for use in the Arctic, was suc- 
cessfully tested over the winter of 
1987-88. In a spin-off of this research, a 
prototype lightweight snowmobile made of 
composite materials and a new suspension 
system was also developed. Intended for 
more southerly markets, the Seamak is 
unique in that it floats, helping to prevent 
loss of life and equipment in the event of 
its breaking through ice. 


propulsion system featuring an advanced 
linear induction motor (LIM). A series of re- 
search and development tasks using com- 
puter simulations was carried out, and 
hardware was tested. 


A second project involves a tracked, mag- 
netically levitated (Maglev) system. TDC is 
supporting research concerned with the 
superconducting magnets and their sup- 
port systems. 
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Financial and Operational Overview 


In 1987-88, TDC managed $11.4 million in 
federal funds for transportation research and 
development. This total comprised: a base 
budget of approximately $4.6 million; $2.1 mil- 
lion from the Transportation of Disabled 
Persons Program and the Canada-Quebec 
Economic and Regional Development Agree- 
ment (ERDA); and, $4.7 million from other 
federal sources. Industry, the provinces and 
other sources provided over $3.8 million, bring- 
ing the total value of the R&D program to $15.2 
million. 


Table 1 on page 24 compares TDC’s finan- 
cial and human resource allocations for 
1987-88 with those of 1986-87, and Table 2 on 
page 25 compares the R&D funding statement 
for the two fiscal years. The most significant 
changes from the previous year are the result 
of two factors: 


1. a significant increase in expenditures un- 
der the Canada-Quebec ERDA program; 
and 


2. a decrease in funding under the Energy 
R&D Program of Energy, Mines and 
Resources Canada. 


Expenditures on R&D contracts and contri- 
butions totalled $11.4 million in 1987-88, most 
of which was spent on contracts with external 
organizations. A small proportion was used to 
contribute to joint projects with provincial 
governments. Salaries and administration ac- 
counted for a small and decreasing proportion 
of total expenditures, reflecting an increased 
work-load for TDC staff. 


The allocation for human resources was 
45.5 person-years. TDC’s professional staff, 
drawn from a variety of disciplines, work as 
researchers, project developers, co-ordinators, 
managers, and conceivers of technological in- 
novations. There were 46 persons on staff 


as of March 31, 1988; a list of staff members is 
presented on page 33. 


All of the professional staff are involved in 
planning and organizing the Centre’s R&D pro- 
gram. This process is carried out throughout 
the year. It involves consulting with other 
Transport Canada groups, other federal agen- 
cies, and industry-based R&D advisory boards, 
and evaluating R&D proposals submitted to TDC 
or to Supply and Services Canada (SSC). An 
average of 50 proposals are under considera- 
tion at any one time. In 1987-88, TDC reviewed 
115 proposals from SSC with a value of $46.8 
million. Ten of these proposals, worth $4.6 mil- 
lion, were accepted. In addition, 43 proposals, 
worth $6.9 million, were submitted directly to 
TDC. Nine of these proposals, valued at $2.1 
million, were accepted for implementation. 


The Centre’s research library plays an im- 
portant role in the planning and conduct of its 
R&D activities by providing the background 
information for new projects, keeping the staff 
up to date on work done elsewhere, maintain- 
ing a collection of docu ments to support TDC 
projects and providing services to tap the 
resources of many other libraries and docu- 
mentation centres. 


In 1987-88, the library’s collection included 
about 26,000 documents. These were con- 
sulted or borrowed about 14,000 times. Some 
6,000 periodical issues were routed to TDC 
staff. The audio-visual collection was increased 
to 12,500 slides, 3,400 photographs, 200 video 
recordings, and 38 films. The library also pro- 
duced a bibliography on rail electrification. 


The Centre’s Administrative Services 
branch processed about 13,000 incoming 
volumes of reports on research projects and 
distributed more than 17,000 publications to 
the transportation Community and the general 
public. 


Financial Services handled some 5,000 
financial transactions valued at $ 11.4 million in 
support of the R&D program. Financial controls 
and records were maintained on more than 400 
project files. Associated planning, budgeting, 
accounting and management _ information 
reports were also prepared. 


TDC represented Transport Canada in a 
number of exhibitions in 1987-88: Expo Air at 
Mirabel, la Semaine des Sciences, TransTech 
87, and Congrés de |’Association québécoise 
du transport et des routes, all in Montreal; and 
the National Conference on Technology and 
Innovation in Toronto. 


The Centre organized a one-day seminar 
on transportation ergonomics with the collabo- 
ration of the Human Factors Association of 
Canada. Held on October 14, 1987, in 
Montreal, the seminar was attended by over 
150 participants representing government, 
industry and the scientific community. 


TDC was also involved in a workshop on 
artificial intelligence organized by Transport 
Canada’s Research and Development Director- 
ate in March 1988. More than 160 government 
and industry representatives participated in the 
two-day program that examined the application 
of artificial intelligence to transportation. 


The Centre also participated extensively in 
workshops, conferences and seminars initiated 
by the scientific community. The staff prepared 
25 technical papers, gave 24 presentations, 
participated in 49 conferences, and organized 
or chaired another eight conferences. A list of 
the scientific and technical papers prepared by 
TDC can be found on page 34. 
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1986-87 and 1987-88 


Profile of TDC’s financial and human resources, 


TDC BUDGET (thousands of dollars) 1986-87 1987-88 
Salaries Vehi2 ZAG 
Administration 585 669 
Contract Research 4,068 3,922 
Program Support 645 684 
Total $ 7,070 $ 7,376 
PERSONNEL 

Person-Years 49 45.5 
TOTAL ANNUAL R&D PROGRAM (thousands of dollars) 

TDC Base R&D Budget 45t13 4,606 
Other Federal R&D Funds 6,505 6,825 
Additional Contributions 5,589 So03 
Total Value of TDC R&D Program $16,807 $15,234 
Multi-Year Value of R&D Program” $27.3 million $27.4 million 


* Represents the total value of all active R&D contracts in a given year. 
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TABLE 2 


TDC comparative R&D funding statement, 


1986-87 and 1987-88 


TDC BASE BUDGET 


Contract Research 
Program Support 


Sub-total 


OTHER FEDERAL FUNDS 


Energy, Mines & Resources (Energy R&D Program) 
Supply & Services Canada (R&D bridge funds) 
Transport Canada: 

Marine Group 

Aviation Group 

Airports Authority Group 

Surface Group 

Policy & Coordination Group 

Transportation of Disabled Persons Program 
Other 


Canada-Quebec Economic and Regional 
Development Agreement 


Other federal government departments 
Sub-total 


Total Federal R&D Funds 


ADDITIONAL CONTRIBUTIONS 


Canadian industry 
Provinces 
Municipalities 
Other 


Sub-total 


Total Value of R&D Program 


(thousands of dollars) 


1986-87 


4,068 
645 


4,713 


303 
232 


6,505 
$11,218 


2,750 
1,669 
210 
960 


5,589 
$16,807 


1987-88 


oes 
684 


4,606 


1,042 
112 


1,074 
168 


6,825 
$11,431 


2,452 
ae 
67 
105 


3,803 
$15,234 
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TDC project analysis, 1983-84 to 1987-88 


PROJECT VALUE NUMBER OF PROJECTS INITIATED 

(thousands of dollars) 1983-84 1984-85 1985-86 1986-87 1987-88 

$ 0-15 25 18 10 6 0 

$ 15-30 34 23 16 14 8 

$ 30-50 11 15 9 11 8 

$ 50-100 42 24 26 30 19 

$ 100-250 32 28 SW 23 22 

$ 250-1 ,000 17 21 18 14 13 
more than $ 1,000 1 0 0 1 0 
Total Number of Projects 162 129 £4«®£116 99 70 


Average Value of Projects 
(thousands of dollars) $127 $122 $150 $145 $162 


Table 3 provides statistics on the number _ jects. In five years, although the number of pro- 
and value of projects initiated by TDC in each of jects started each year has decreased more 
the last five fiscal years. The significant change than 50%, the average value of project con- 
has been towards fewer but higher value pro- tracts has increased 28%. 
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TABLE 4 


1987-88, federal funds 


Comparison of planned and actual expenditures, 


PROGRAM OPERATIONAL PLAN ACTUAL % 
ELEMENT (thousands of dollars) (thousands of dollars) 
Marine 3,350 3,088 92 
Highway 1,656 1,974 119 
Air 2.012 1,876 93 
Rail Zits 121 79 
Elderly and Disabled R&D 12055 1,194 ales 
Other modes (urban, tracked 

levitated vehicles, multimodal, 

off-road vehicles) 966 894 93 
R&D support 778 684 88 
Total $11,990 $11,431 95% 


Each year TDC prepares an operational 
plan that outlines the planned research and de- 
velopment program for the upcoming fiscal 
year. The plan describes the general objec- 
tives, specific targets and estimated expendi- 
tures for each of the various components of the 
R&D program. Table 4 presents a comparison 
of planned and actual R&D expenditures for 
1987-88: 95% of the planned $12 million of ex- 


penditures were actually realized. A qualitative 
review of the R&D activities undertaken in 
1987-88 indicated that 114, or 76%, of the 150 
targets specified in the operational plan for that 
year were achieved. Such a high degree of 
concordance between planned and actual per- 
formance is indicative of the superior quality of 
TDC’s R&D management. 
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FIGURE 1 


TDC R&D funding source trends ' 


1980-81 to 1987-88 
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a,b The Arctic Marine and Augmented Rail Freight R&D Programs ended in 1985-86 
Canada-Quebec Economic and Regional Development Agreement 


The importance of external funding to 
TDC’s R&D program is illustrated in Figure 1, 
which traces funding sources over eight fiscal 
years. In 1980-81, external sources contributed 
only a small fraction of TDC’s total R&D fund- 
ing. In 1987-88, external sources more than tri- 
pled TDC’s base R&D budget. The importance 
of external funding has meant that a large part 
of TDC’s activities are directed at tasks as- 
signed by R&D sponsors. In turn, this has 
required that TDC devote substantial efforts to 


co-ordinating, managing and evaluating re- 
search activities with these sponsors. 


Figure 2 presents a breakdown of TDC’s 
1987-88 R&D funding by source. As can be 
seen in Figure 3, marine R&D was the single 
largest component of TDC’s R&D program in 
1987-88. Highway R&D was the second largest 
component, owing in large part to substantial 
contributions from industry and provinces. 


FIGURE 2 


TDC R&D funding sources 
1987-88 


TOTAL R&D FUNDING: $15.2 million 
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Note: Shaded area shows total Transport Canada 
funding: 43% in 1987-88, up from 40% in 1986-87. 


TDC R&D funding by program element 
1987-88 
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* Includes off-road vehicles & pipelines; tracked, levitated vehicles; multimodal; and, R&D support. 
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FIGURE 4 


Regional distribution of TDC R&D expenditures 
1987-88 


TOTAL FEDERAL FUNDING OF TDC R&D PROGRAM: 
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Figure 4 shows the regional distribution of tribution of industrial and governement facilities 
TDC’s R&D expenditures of federal funds. This in transportation technology development. 
distribution mainly reflects the geographical dis- 


FIGURE 5 


1986-87 and 1987-88, federal funds 
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* Total federal R&D funds less fees paid to 
Supply and Services Canada 


Figure 5 shows TDC’s research expendi- firms and manufacturers were the performing 
tures by performing organization for 1987-88 organizations in 85% of all program expendi- 
and the previous year. In 1987-88, consulting tures, an increase from 77% the previous year. 
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am Pee | enn Te 
to TDC base budget: Financial leverage 
1980-81 to 1987-88 
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Figure 6 traces the financial leverage pro- of TDC’s R&D program to 3.3 times its base 
vided to TDC’s base R&D budget by external budget. Figure 7 presents an analysis of project 
funding sources over the last eight fiscal years. management workload since 1980-81, in terms 
In 1987-88, external sources boosted the value of R&D dollars managed per person-year. 
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Transportation Development Centre 


ANNUAL REVIEW 
Fiscal Year ended March 31, 1989 


I am pleased to present the 1988-89 Annual Review of the 
Transportation Development Centre (TDC). The review summarizes 
TDC’s activities and achievements during the fiscal year that ended 
on March 31, 1989. 


Fiscal year 1988-89 presented many challenges as TDC began 
implementation of the Core R&D program in accordance with new 
policy approved by the Deputy Minister in January 1988. The policy 
provided increased R&D funds to implement an augmented Core 
program with greater emphasis on long term R&D activities. 
However, this augmented program had to be achieved with fewer 
personnel. 


TDC’s staff responded to this challenge. The expertise and hard 
work of all members of TDC’s professional and support staff were 
applied to the task. In addition, outstanding support from Transport 
Canada’s Operating Groups — Marine, Aviation, Airports Authority 
and Surface — was instrumental in allowing TDC to focus its efforts 
on critical issues and thus be more responsive to departmental 
requirements. 


The success of these efforts is evidenced by the four awards for 
excellence won by TDC and its research contractors during the year. 


The Visiting Experts Program was announced this year. This 
program invites recognized experts to conduct research studies at 
TDC thereby stimulating innovation by bringing new ideas, particu- 
larly on emerging technologies, to transportation development. 


I would like to extend my personal thanks to the TDC staff and 
to members of the Operating Groups who work closely with us for 
their unstinting efforts to keep Transport Canada in the forefront of 
technology. 


UC (Cdback 


N.E. Rudback 
Executive Director 
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TDC occupies the sixth floor, west tower, of the Guy Favreau Complex located in downtown Montreal. 


NTRODUCING TDC 


The Transportation Development Centre (TDC), a component of the 
Research and Development Directorate of Transport Canada’s Policy 
and Coordination Group, is Transport Canada’s centralized R&D 
organization. TDC manages a program of research, development and 
demonstration of new transportation technologies. Its primary objec- 
tive is the improvement of Canada’s transportation system. 


Established in 1970, TDC provides research support to other compo- 
nents of Transport Canada, and manages an R&D program covering 
a wide range of projects carried out with private industry, universities, 
and transportation associations. TDC formulates, initiates, manages, 
and reports on an average of 300 projects a year. 


The Centre’s activities involve all transportation modes and all stages 
of the innovation cycle, from initial concept to demonstration and 
deployment. Many research projects are co-funded by Transport 
Canada’s Operating Groups (Marine, Aviation, Airports Authority, 
and Surface), other federal and provincial departments, private 
companies, and industry associations. TDC works closely with its R&D 
partners to plan and implement these projects and to disseminate the 
results thereby contributing directly to improved safety, efficiency, 
productivity, and accessibility of the national transportation system. 


Forty-six people were on staff at TDC on March 31, 1989. An organi- 
zation chart and a list of staff members are presented on pages 31 and 
33. The expertise and dedication of this team of professional 
engineers, transportation planners, and support staff are reflected in 
the array of technical data, research reports, equipment designs, 
laboratory hardware, computer software, and prototype transporta- 
tion systems that form the tangible output of the R&D effort. 


TDC staff participated extensively in workshops, conferences and 
seminars initiated by the scientific community. Staff members also 
held office in several professional and technical societies and 
participated in the organization of a number of transportation-related 
conferences and workshops. A list of these activities and of the 
scientific and technical papers prepared by TDC can be found on pages 
34 and 35. 


ae & DEVELOPMENT POLICY 


Core R&D Program 


The Core R&D Program is the cornerstone of Transport Canada’s 
R&D activities. These activities are managed by the Director General, 
Research and Development, through TDC. The Core R&D Program 
consists of: 


e exploratory R&D into emerging technologies and disciplines; 


e long-term applications R&D in support of departmental needs; 
and 


e sector-oriented R&D in support of the transportation community. 


The objectives of the program are: 


1) To develop innovations which support departmental policy and the 
operational, regulatory, and procurement objectives of Transport 
Canada. 


2) To help achieve related federal objectives in such areas as science 
and technology, energy, transportation access for elderly and dis- 
abled persons, and industrial and regional development. 


3) To promote and facilitate technological innovation in the Canadian 
transportation community. 


4) ‘To help coordinate transportation R&D activities within and 
among all levels of government, the private sector, universities, 
international agencies, and other countries. 
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Sector-oriented R&D: Safer, more efficient trucks for Canadian operators 


Long-term applications R&D: 


Full-scale testing of icebreaker 
in the Arctic 


R&D Council 


The Core R&D Program is 
administered by the Assistant 
Deputy Minister, Policy and 
Coordination, aided by a 
Research and Development 
Council to provide advice and 
recommendations on_ policies, 
objectives, and priorities for 
Core activities. Chaired by the 
Director General, Research and 
Development, the council has 
twelve members representing 
TDC and the Operating Groups. 


The council is a forum for the 
exchange of information in areas 
of common concern and facili- 
tates coherent implementation 
of R&D policies and cooperation 
on R&D planning and program- 
ming. 


Transport Canada’s commitment 
to improving the safety and 
efficiency of transportation is 
evidenced by this senior level 
council. 


R&D Funding 


The Core R&D Program is provided with sustained and stable funding. 
Sustained funding enables long-term quality research to be carried out 
without concern about fluctuations in an annual budget. 


The 1988-89 budget was $7 million; in 1989-90 and subsequent years 
it will be 1.25 per cent of departmental capital or $9 million, whichever 
is greater. 


In addition to core funding, TDC’s research is supported by: 


e special programs: the interdepartmental Energy R&D Program 
and the R&D component of the department’s Transportation of 
Disabled Persons Program; 


e joint R&D funding by other components of Transport Canada; 


e the Unsolicited Proposals Program of Supply and Services Canada 
(discontinued April 27, 1989); 


e federal-provincial agreements for cooperative R&D, such as the 
Canada-Quebec Economic and Regional Development Agree- 
ment; and 


e cost-sharing of R&D projects with Canadian industry and the 
provinces. 


Exploratory R&D: Tiltrotor aircraft 
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he marine technology program focuses on the design, regulation, 
and safe operation of vessels in Canadian waters. The program 
currently emphasizes developing technologies aimed at making 
shipping safer in ice-bound waters, extending the shipping season, and 
evaluating new equipment and systems for the Canadian Coast Guard. 


TDC devoted 30 per cent of its R&D budget to marine projects in 
1988-89. Marine transportation projects investigated the addition of 
strakes to the bow of ice-breakers to improve efficiency and tested 
strengthened propeller blades to verify blade regulations for ice-going 
ships. In an effort to combat the severe problems posed by Arctic 
waters, researchers investigated new hull-forms and the effects of 
corrosion on ships and structures. The application of expert systems to 
analyze shipboard machinery vibrations, the development of a naviga- 
tion system to help vessels manoeuvre in confined waters, and the use 
of fibre optics aboard ships are also under study. 


Apparatus used during the development of the analytical 
propellerlice interaction model 


Nozzled propeller 


Propulsion data on 
ice-going ships made 
available to designers 


A mathematical model was 
developed to evaluate the design 
of existing drive trains for a wide 
range of ships, including ice- 
going ships. The model is based 
on data collected over the past 
five years on the interaction of 
propulsion trains and ice. Now 
available to Canadian designers, 
the model operates on an IBM 
PC/AT. Work has begun on a 
second generation of the model 
which will incorporate an analyt- 
ical propeller/ice interaction 
model. 


CCGS Alert used in search and rescue trials 


A view of the MV Arctic’s comprehensive ice-navigation system 
located on the ship’s bridge 


Search and Rescue 
operations enhanced 


The Canadian Coast Guard 
asked TDC to help develop new 
search and rescue technology as 
part of a major program to up- 
grade operations in Canada’s 
coastal waters. Marine radar sys- 
tems, airborne radar systems, 
and infrared devices were eval- 
uated. The project also studied 
how life-rafts drift in different 
sea conditions. Conclusions from 
this work will be incorporated 
into the Canadian Coast Guard’s 
“National Search and Rescue 
Manual.” 


USCG Falcon jet carrying surveillance radar 
for search and rescue operations 


First comprehensive 
ice-navigation system 
deployed 


To help ships navigate through 
ice, TDC continued to support 
Intera Technologies Ltd., of 
Calgary, in the development of 
an innovative navigation system 
comprising STAR-VUE $$ and 
MARINE-VUE technology. 
This unique Canadian system 
uses marine and airborne radars 
to analyze ice conditions in the 
ship’s path. The system was 
interfaced with Canarctic’s Ship- 
borne Integrated Navigation 
Support System (SINSS), an 
electronic navigation console, on 
the bridge of the MV Arctic. It 
will be further developed as new 
technologies emerge. 


MV Atlantic 


Enhanced navigation system for inland and coastal mariners introduced 


A precision radar and integrated 
navigation system (NAVFIX) 
for inland and coastal navigation 
was evaluated aboard Marine 
Atlantic’s MV Atlantic freighter. 


Use of passive polarimetric radar retro- 
reflectors provides navigators with post- 
tive benchmarks along coasts with poor 
natural radar definition. 


The system combines two Cana- 
dian technologies — an elec- 
tronic chart navigation system 
and a polarimetric radar posi- 
tioning system — with a French 


radar positioning system 
(RADAR-FIX). NAVFIX has 
been put into service aboard the 
MV Atlantic. 


IGHWAY AND MULTIMODAL 
TRANSPORTATION 


he highway system is the backbone of the country yet there is no 

single agency responsible for highway transportation in Canada. 
Cooperation among all levels of government is necessary to adapt new 
technologies to highway operations. Recognizing this need, TDC’s 
highway transportation program stresses consultation with the 
provinces and the private sector to foster a coordinated, cost-effective 
national approach to highway R&D. TDC’s recent report, “Research 
and Development Opportunities for Advancing Highway Freight 
Transport Technologies”, examines R&D in the context of the federal 
government’s objectives, priorities, and responsibilities relating to 
highway transportation. 


TDC devoted 20 per cent of its R&D budget to highway transportation 
projects in 1988-89. Projects included: participation in the Canadian 
Strategic Highway Research Program (C-SHRP) through membership 
on the technical steering committee; developing a weigh-in-motion 
scale to support enforcement of anticipated regulatory changes; inves- 
tigation of various mobile information aids and route guidance systems 
for land vehicles; and the design of a 45-foot intercity bus. A further 
7 per cent was devoted to multimodal projects, comprising research 
activities applicable to more than one mode and a number of transpor- 
tation R&D areas, such as urban, off-road, solids pipelines, and tracked 
levitated vehicles. 


Efficient traffic control can reduce fuel consumption 
and increase the capacity of roads and highways. 


Computer-assisted 
traffic control system 
demonstrated 


A new microcomputer-based, 
integrated traffic system being 
demonstrated in three Ontario 
regions is helping to reduce fuel 
consumption and increase the 
capacity of roads and highways. 
Early indications of success have 
spurred other Canadian commu- 
nities to compile traffic data- 
bases. Traffic engineers have 
been provided with a training 
package, developed under this 
project. 


New weights and 
dimensions regulations 
implemented 


Canadian highway authorities 
began implementing new regula- 
tions governing truck weights 
and dimensions resulting from a 
joint federal-provincial project 
to establish national standards. 
Implementation is scheduled to 
be fully completed across 
Canada by July 1989. The new 
standards are expected to con- 
tribute to improved highway 
safety and save $226 million a 
year in truck transportation 
costs. 


View of tilt table used to determine static roll-over parameters 
for trucks. Tilt-table tests are part of the research underlying the 
new weights and dimensions regulations. 


Efficient truck 
operations aided by 
choice of lubricant 


A three-year research program 
was completed on the use of 
mineral and synthetic lubricants 
for truck drive trains. Results 
showed that use of the most 
appropriate lubricant can reduce 
energy consumption by an aver- 
age of 6 per cent without com- 
promising drive train durability. 
The study provides recom- 
mended lubricant temperature 
ranges for a variety of Canadian 
operating environments. 


Lubricant selection has a significant effect on the efficiency 
of truck operations. 


The H5-60 articulated bus 


Articulated bus demonstration service inaugurated 


In November 1988, Voyageur Inc. of Montreal began a two-year 
demonstration service of twelve H5-60 articulated intercity buses 
developed by Prévost Car of Ste-Claire, Quebec. Operating on the 
Voyageur route between Montreal and Quebec City, the buses offer 
new levels of comfort and spaciousness thanks to low-density seating. 
This project is jointly funded by Voyageur and by the federal and 
provincial governments under the Canada-Quebec Economic and 
Regional Development Agreement. 


Low density 2+ 1 seating offers 
new level of passenger comfort. 
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he air technology program supports Transport Canada’s role in air 

navigation, air traffic control, airport operations, and flight regula- 
tions. It also stimulates cooperative R&D activities with the air 
industry. The program’s main objectives are to improve airport secu- 
rity, flight safety, and operating efficiency. 


TDC devoted 18 percent of its R&D budget to air projects in 1988-89. 
R&D projects underway in 1988-89 included investigations of explosive 
detectors for use in airports; low-level wind-shear studies; and evalua- 
tion of new generation emergency locator transmitters (ELT). 
Standards for safe and affordable landing strips in the Canadian hinter- 
land and alternatives to urea for airport runway de-icing are also under 
review. 


View of MLS antenna test site 


MLS signal analyzer delivered to test site 


By 1998, microwave landing systems (MLS) will replace the current 
UHF/VHF instrument system as the primary landing system at air- 
ports around the world. To reduce the cost of testing the new system, 
an MLS signal analyzer was developed for Transport Canada’s Aviation 
Group. It was installed at the MLS antenna test site established jointly 
by Transport Canada and Communications Canada. The designer, 
Canadian Astronautics Ltd. of Ottawa, is studying possible improve- 
ments to the existing system. 


MLS signal analyzer 


is 
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Improved pedestrian 
flow in airports 


IMC Consulting Group of 
Edmonton designed a software 
package that will help airport 
planners and operations person- 
nel analyze pedestrian traffic 
flow problems and design ways to 
offset congestion. Using simula- 
tion outputs generated by 
Transport Canada’s ‘Terminal 
Flow Simulation Model, the Air- 
port Graphics Display System 
turns statistics into graphics al- 
lowing airport personnel to 
quickly review the impact of 
scheduling, gate assignment, and 
building layout. The system was 
demonstrated at Edmonton 
International Airport. 


Pooled water emphasizes runway undulations that can affect 
take-off and landing operations of jet aircraft. 


Software package helps airport planners and operations personnel 
avoid serious pedestrian congestion in terminals. 


A better way to analyze 
runway roughness 


Runway roughness affects the 
take-off and landing operations 
of jet aircraft. Transport Canada 
measures the roughness of 
Canadian runways every year 
using various measuring devices 
including profilometers and 
vehicle response meters. Both 
the measuring equipment and 
the measuring techniques have 
several limitations. TDC sup- 
ported the development of a 
software program to help the 
Airports Authority Group better 
analyze longitudinal runway 
profiles and evaluate runway 
roughness from measured data. 
The program was developed by 
John Emery Geotechnical Ltd. 
of Downsview, Ontario. 


A computer-based 
weather update system 


A pilot project for a transcribed 
weather broadcast system, which 
provides pilots with on-line 
computer-generated weather 
reports, proved successful at 
Vancouver International Air- 
port. The system is a spin-off of 
an earlier TDC project for an 
integrated passenger informa- 
tion system also developed by 
Oracle Communications Inc., of 
Burnaby, B.C. Wider use of the 
weather broadcast system prom- 
ises cost savings and service level 
improvements. 


Diagram of aviation weather 
broadcast demonstration 


View of voice and data logger shows 
the optical recording disk (top) and 
the input/output monitor panel. 


TELEX CIRCUITS 


Digital aviation Digital 
weather data NOTAMS data 


CNCP Telex 
to digital 
converter 


CNCP Telex 
to digital 
converter 


AUTO-COMPILE AVIATION 
HOURLY AND TERMINAL 
REPORTS 


Message decoder 
Code/vocabulary 
look-up 


Pre-stored 

vocabulary 
Volce reports 
auto/compller 


(aviation hourly and 
terminal reports) 


VOICE COMMUNICATION 


Voice report 
selection 


Digital voice to 
broadcast/phone out 


EXISTING SCREEN DISPLAY 


4 
ON-SITE RECORD REGIONAL 
WEATHER 
NOTAMS AND PILOT REPORTS 
Microphone to 
digital voice 
Digitized message library 
(regional weather/ 
NOTAMS/PIREPS) 
PHONE HANDLING d English 
language 
phone lines 
DTMF tone menu French 
language 
phone lines 


Transcribed 
radio broadcast 


Operational evaluations begin on digital voice 


and data logger 


A digital voice and data logging 
system was developed to replace 
the analogue recorders cur- 
rently used in air traffic control 
facilities. Developed by KOM 
Inc., of Ottawa, the digital sys- 
tem is operationally superior 
and requires less maintenance 
than its analogue counterpart, 


and can be readily reconfigured 
to meet changing needs. The 
prototype is ready for evaluation 
at Transport Canada’s Technical 
Systems Centre in Ottawa. An 
operational test is scheduled to 
begin in the summer of 1989 at 


Ottawa International Airport. 
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Rus TRANSPORTATION 


he rail R&D program faces the technological challenge involved 
in achieving better safety and productivity. Two events in 1988-89 
influenced TDC’s rail program. 


The Railway Safety Act which became law on January 1, 1989, trans- 
ferred certain regulatory functions from the National Transportation 
Agency to the Railway Safety Directorate of Transport Canada’s 
Surface Group. Asa result, R&D projects relating to safety regulation 
were postponed pending the preparation of anew R&D plan in consul- 
tation with the Surface Group. 


The sale of Bombardier’s Rail and Diesel Products Division brought 
to a halt TDC’s work with single-cylinder research engines on fuel use 
in medium-speed diesel engines. TDC is exploring other ways of 
achieving its R&D objectives related to fuel use in locomotive diesel 
engines. 


TDC devoted 9 per cent of its R&D budget to rail projects in 1988-89. 
Research continued on safety issues and on new technology related to 
automatic train control systems; on examining driver behaviour at level 
crossings; and on developing a reliable method of detecting thermal 
cracks in wheels while trains are in motion. 


TDC co-sponsors 
international wheelset 
congress 


TDC, in cooperation with the 
Association of American Rail- 
roads, the Railway Wheel 
Association, the Railway Asso- 
ciation of Canada, and VIA 
Rail Canada Inc., sponsored the 
9th International Wheelset 
Congress held in Montreal 
from September 11-15, 1988. 
The congress attracted about 
200 delegates from eighteen 
countries. TDC was also a 
member of the committee of 
direction for the congress. 


DR-2 truck 


17 


Laser technology 
applied to high-speed 
track inspection 


TDC is supporting the develop- 
ment of a method of inspecting 
track at high speed using lasers. 
The technique provides accurate 
measurements of the longitudi- 
nal and traverse rail head 
profiles. Servo-Robot Inc. of 
Boucherville, Quebec, adapted 
technology developed by the 
National Research Council. A 
prototype is ready for installation 


ona track geometry car owned by 
CP Rail. 


Schematic of laser vision principle 


View of laser vision system installed on CP track geometry car 
to measure rail corrugations 


Close-up of laser vision system 


New encoder-decoder 
increases efficiency of 
train communications 


Automatic train control systems 
(ATCS) place heavy demands on 
radio channels. Improved digital 
radio systems were needed. TDC 
was instrumental in having an 
enCOder-DECoder (CODEC) 
using a Reed-Solomon code 
adopted as a standard for ATCS 
digital radio systems. Developed 
by Binary Communications Inc., 
of Victoria, B.C., CODEC al- 
lows more powerful error correc- 
tion capabilities and hence more 
efficient use of radio channels. 


BC Rail unit coal train 


CODEC breadboard assembly used 


to confirm design concept 
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RANSPORTATION FOR ELDERLY 
AND DISABLED PERSONS 


T ransport Canada supports a multimodal R&D program aimed at 
improving transportation accessibility for elderly and disabled 
persons. The Transportation for Disabled Persons Implementation 
Committee, set up in 1985, recommends ways of making the national 
transportation system more accessible to elderly and disabled 
Canadians. Composed of representatives from associations for dis- 
abled persons, carriers, government and other agencies, the committee 
also has a mandate to recommend R&D directions. It has expressed 
particular interest in aircraft and intercity bus accessibility, as well as 
communication aids for people with visual and hearing impairments. 


TDC devoted 11 per cent of its 1988-89 R&D budget to improving 
transportation for elderly and disabled persons. Ongoing R&D 
projects include concept designs for boarding wheelchair passengers 
on small aircraft and on larger aircraft at airports with no loading 
bridge facilities; enhancements to Communicaid, an integrated 
transportation information system for people with communication 
impairments; development of a portable communication device for 
travellers with sight, speech or hearing disabilities; and transfer of 
internal wheelchair lift technology to intercity bus manufacturer 
Prévost Car Inc., of Ste-Claire, Quebec. 


Accessible intercity bus 
service ready for 
demonstration 


Canada Coach Lines of 
Hamilton, Ontario has taken 
delivery of six buses equipped 
with an internal lift developed by 
Motor Coach Industries of 
Winnipeg. The fully accessible 


buses will operate on the regular | wii y ARTY 
intercity routes linking — 4, ee my | 


Kitchener/Waterloo, Hamilton, 
Niagara Falls, and Buffalo, New 
York. A three-year, in-service 
demonstration to evaluate the 
equipment and gauge market 
acceptance is scheduled to begin 
in September 1989. 


Canada Coach Lines’ fully accessible intercity bus 


at 
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Lightweight, electric 
wheelchair developed 


A lightweight, ergonomically 
sound, electric wheelchair was 
developed in cooperation with 
the B.C. Hydro Power Authority. 
Powered by nickel-cadmium “D” 
cells, the chair weighs 25 kilo- 
grams (conventional powered 
chairs weigh 40 - 55 kilograms). 
The new wheelchair can be easily 
lifted into cars or taxis and can be 
safely transported on most air- 
craft. Potential for commer- 
cialization of the new wheelchair 
is being explored. 


The disc motor of this lightweight, electric wheelchair, built 
into the hub of the driving wheel, uses a permanent magnet 
with high-energy density. 


A new Transport Canada initiative, the Visiting Experts Program, was 
launched in 1988-89. Outside experts in various areas of transporta- 
tion R&D are invited to work at TDC as advisors and researchers for 
periods of up to six months. The program aims to stimulate innovation 
within Transport Canada by bringing new ideas, particularly on 
emerging technologies, to transportation development; to give 
experts from the private sector the opportunity to become familiar 
with Transport Canada’s role in transportation R&D; and to maintain 
the technical excellence of Transport Canada’s R&D program. 


In March 1989, TDC welcomed the first participant to the program, 
Dr. Vijay Bhargava of the Department of Electrical and Computer 
Engineering, University of Victoria, British Columbia. Dr. Bhargava 
is internationally known for his work in digital communications, 
encryption, spread-spectrum, and mobile communications tech- 
niques. His recent work has also included neural networks. 


Dr. Bhargava was elected a Fellow of the Engineering Institute of 
Canada in March 1988. In July 1988 he was appointed a Fellow of the 
British Columbia Advanced Systems Institute. He is also the editor of 
the Canadian Journal of Electrical and Computer Engineering. 


Dr. Vijay Bhargava 


ISITING EXPERTS PROGRAM 


23 


24 


WARDS 


TDC and several of its research contractors won recognition this year. 


The Access to the Skies Innovator Award was presented to TDC by the 
Paralyzed Veterans of America (PVA). The PVA administers the 
Access to the Skies program for the Paralysis Society of America. The 
award recognized TDC’s numerous contributions to improved air 
transportation service and accessibility. 


Ling Suen and N.E. Rudback display TDC’s Access to the Skies Award. 


TDC-sponsored research also garnered honours for three of its con- 
tractors who received Canada Awards for Business Excellence in 1988: 


e Alcan International Ltd. of Montreal was presented with a gold 
level award in the invention category for the development of an 
aluminum /air battery using a caustic electrolyte which offers a safe, 
compact, highly efficient source of stand-by power. This battery 
was a spin-off of the TDC supported research on hybrid power 
supplies for electric vehicles using aluminum/air batteries with a 
saline electrolyte. 


e Virtual Prototypes Inc. of Montreal received a gold level award 
in the innovation category for work relating to the incorporation 
of a terrain modelling feature into its 3-D graphics prototyping 
system. The feature was originally evaluated in a pilot computer 
graphics system for designing and evaluating airways and runway 
approach corridors. Work on the pilot system was supported by 
‘EDC. 


e International Road Dynamics Inc. of Saskatoon merited a bronze 
level award in the innovation category for the design of a 
weigh-in-motion scale that eliminates the need for drivers to stop 
at weigh stations. 


INANCIAL OVERVIEW 


In 1988-89 TDC managed $13.6 million in federal funds for trans- 
portation research and development. This included: a base budget of 
$3.5 million and augmented Core R&D Program funding of $3.3 mil- 
lion; $4.4 million from other federal departments; and $2.4 million in 
federal program contributions, comprising $1.8 million from the 
Canada-Quebec Economic and Regional Development Agreement 
(ERDA) and $630 000 from the Transportation of Disabled Persons 
Program. Additional contributions of $9.2 million from industry and 
the provinces boosted the total value of TDC’s R&D program to 
$22.9 million. The management of this increased funding was accom- 
plished with no additional person-years. 


Table 1 
TDC Budget 
(thousands of dollars) 
1987-88 1988-89 

Salaries 2 101 2 234 
Administration 669 let: 
(travel, communications, supplies, etc.) 
Contract Research S922 3 199 
R&D Support 684 656 
Total 7 376 6 800 

Table 2 


Total R&D Budget: Financial and human resources 
(thousands of dollars) 


FUNDING SOURCES 1987-88 1988-89 
Base Funding 4 606 3 500 
Augmented Core Funding — 3 300 
Total TDC Budget 4 606 6 800 
Other Federal R&D Funds 6 825 4 423 
Federal Program Contributions o 2 420 
Total Federal Funds 11 431 13 643 
Additional Contributions (industry, 3 803 9 214 
provinces, municipalities, etc.) 

Total Value of TDC R&D Program $ 15 234 $ 22 857 
PERSONNEL 


Person- Years 45.5 45.5 


a. 
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T able 3 shows a detailed breakdown of TDC’s funding statement for 
the same fiscal years. Significant changes in 1988-89 include: the 
provision of $3.3 million of augmented Core funding; large reductions 
in funding from Supply and Services Canada and from the Transporta- 
tion of Disabled Persons Program; and an increase in contributions 
under the Canada-Quebec ERDA program. 


Table 3 
Detailed R&D funding statement 
(thousands of dollars) 


R&D BASE BUDGET 1987-88 1988-89 
Base Funding 4 606 3 500 
Augmented Core Funding — 3 300 
Sub-total 4 606 6 800 
OTHER FEDERAL FUNDS 

Energy R&D Program 1 750 1 813 
(Energy, Mines & Resources) 

Transportation of Disabled Persons Program 1 042 626 
R&D Bridge Funds (Supply & Services Canada) 1951 848 
Transport Canada 731 956 
(Marine, Aviation, Airports Authority, Surface) 

Other Departments 112 180 
Sub-total 5 586 4 423 


FEDERAL PROGRAM CONTRIBUTIONS 


Canada-Quebec Economic and Regional L071 1 790 


Development Agreement 

Transportation of Disabled Persons Program 168 630 
Sub-total 1 239 2 420 
Total Federal R&D Funds $ 11 431 $ 13 643 


ADDITIONAL CONTRIBUTIONS 


Canadian Industry 2 452 7 180 


Provinces 1179 1959 
Municipalities 67 — 
Other 105 75 
Sub-total 3 803 9 214 
Total Value of R&D Program $ 15 234 $ 22 857 


Multi-Year Value of R&D Program* $ 27.4 million $ 33 million 


* Represents the total value of all active R&D contracts in a given year. 


F ach year TDC prepares an 
operational plan outlining 
the planned R&D program for 
the upcoming fiscal year. The 
plan describes the general objec- 
tives, specific targets and esti- 
mated expenditures for each of 
the various components of the 


R&D program. The planning 
exercise begins in October of 
each year when the Director 
General, Research and Devel- 
opment, issues guidelines fol- 
lowing their approval by the 
R&D Council and the Assistant 
Deputy Minister, Policy and 


Table 4 
Comparison of planned and actual expenditures 
(federal funds, thousands of dollars) 


Coordination. These guidelines 
provide the framework for plan- 
ning TDC’s multi-year R&D 
program. The plan is established 
through a series of consultations 
within Transport Canada and 
with the private sector through 
advisory boards. 


Table 4 compares planned and 


PROGRAM AREA PLANNED ACTUAL % actual R&D expenditures in 

the various program areas; 98% 
Marine 3 500 4055 116 of the planned $13.9 million tar- 
Air 2 800 2 425 87 get was achieved in 1988-89. 
Highway 2 616 2714 104 
Rail 2 104 1 187 56 
Elderly and Disabled R&D 1 260 1 477 117 
Multimodal 900 979 109 
R&D Support 724 806 111 
Total 13 904 13 643 98 

Figure 1 


Figure 1 gives an overview of 
the 1988-89 operational plan 
with respect to R&D targets. 
Over two thirds of planned tar- 
gets were achieved in 1988-89. 
There was close correlation be- 
tween planned and actual activi- 
ties for the Marine, Air, and 
Transportation for Elderly and 
Disabled Persons (E&D) areas. 
The Rail, Highway, and Multi- 
modal areas fell short of 
planned targets owing to the 
transfer of resources to other 
program areas as_ priorities 
changed throughout the year. 


R&D targets achieved by program area 


No. of targets 


Not achieved 
Partially achieved 


Marine Air 


BB Achieved 


Highway Multimodal Rail E&D 
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Figure 2 
R&D funding source trends! 


Millions of dollars 


85-86 86-87 


Supply and Services Canada. 
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TDC is able to augment its 
basic research budget by attract- 
ing funds from industry, the 
provinces, and other federal 
departments. The importance 
of external funding to TDC’s 
R&D program is shown in 


R&D funding by program area and source 


aay 
=) 


Millions of dollars 
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Marine Air 


87-88 88-89 


Energy, Mines and Resources Canada: Energy R&D Program. 
Transportation of Disabled Persons Program (funding and contributions). 
Including augmented Core R&D Program Funding. 


Figure 2, which traces funding 
sources since 1985-86. Base 
funding in 1988-89 was tripled by 
the infusion of funds from other 
federal departments, industry, 
and the provinces. Figure 3 
presents a breakdown of R&D 


Figure 3 


1988-89 
Industry & Provinces: $9.2 
Wo Other Federal Depts: $ 1.1 
SSC?: $ 0.8 
EMR3: $1.8 
EDPPE $1.2 
Ee 


TDC Base Budget’: $6.8 


Does not include funding from Canada-Quebec Economic and Regional Development Agreement. 


funding sources for 1988-89 by 
program area. Contributions 
from industry and the provinces, 
in large part for a major intercity 
bus demonstration, more than 
tripled the value of TDC’s 
Highway program area. 


Industry, provinces, etc. 
[2] Other federal funds 


ber TDC budget 


Rail E&D 


Multimodal 


Figure 4 shows the funding dis- 
tribution of TDC’s program for 
the three elements comprising 
the department’s Core R&D 
Program. More than half of 
TDC’s R&D program is directed 
at research in direct support of 
the transportation industry. 


Figure 5 presents a breakdown of 
TDC’s R&D program by primary 
transportation benefit expected. 
Improved safety and improved 
security are the primary targeted 
benefits for more than one third 
of the program. 


Improved Safety 


Improved Productivity and Efficiency 


Improved Service 


Elderly & Disabled Accessibility 


Improved Security 


Improved Technology Base 


Improved Transportation of Energy 


Energy Conservation 


Figure 4 


R&D expenditures by Core R&D Program area 


$2% 
Sector-directed 


9% 
Exploratory 
R&D 
39% 
Long-term 
R&D 


Total federal R&D funds: $ 13.6 million 


Figure 5 
Primary benefits expected 


Millions of dollars 
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TDC works with transportation 
research and development facili- 
ties owned by industry, govern- 
ment, and universities located 
across Canada. Regional R&D 
expenditures are shown in 
Figure 6, while R&D expendi- 
tures by type of organization are 
given in Figure 7. Forty percent 
of TDC’s program is carried out 
by industry itself, i.e. manufac- 
turers and operators, thereby 
increasing the probability of 
commercial exploitation of 
TDC’s R&D activities. 


Figure 6 
Regional distribution of R&D expenditures 
(federal funds, thousands of dollars) 


Total federal funding: $ 13.6 million 


Figure 7 
R&D expenditures by performing organization 


Percentage 
60 


Consultants Manufacturers Operators 


The average value of federal 
funds managed by all TDC staff 
was nearly $300 000 per person- 
year in 1988-89, as shown in 
Figure 8. When averaged for 
project management staff, this 
figure jumps to over $680 000 
per project officer. While in- 
creased automation, refinement 
of the management information 
system, and a growing library 
have all helped TDC improve its 
productivity, the driving force 
behind this success has been the 
dedicated efforts of manage- 
ment and staff. 


1987-88: $11.7 million* 
F2] 1988-89: $13.3 million* 


* Total federal R&D funds less fees paid to 
Supply and Services Canada. 


Universities Others 


Figure 8 
Average value of federal funds managed 


Thousands per person-year 
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POLICY AND COORDINATION GROUP 
ORGANIZATION CHART 


ASSISTANT DEPUTY MINISTER 


POLICY AND COORDINATION 


ASSOCIATE ASSISTANT 
DEPUTY MINISTER 


DIRECTOR GENERAL 


RESEARCH AND 
DEVELOPMENT 


DIRECTOR DIRECTOR 


RESEARCH PLANNING RESEARCH PROGRAM 
AND COORDINATION DEVELOPMENT 


* Financial Services now reports directly to Executive Services, Policy and Coordination, Ottawa. 
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R&D SUPPORT ACTIVITIES 


he Centre’s technical staff, 
drawn from a variety of 
disciplines, work as_ project 


developers and co-ordinators. 
They are supported by research, 
financial and 
personnel. 


administrative 


I n addition to providing a wide 
range of support services, 
Administrative Services also 
handles the distribution of TDC 
publications to the transporta- 
tion community and the public. 
Over 30 000 volumes were dis- 
tributed in 1988-89. 


W ith over 28 000 documents in 
its collection, TDC’s library 
is the largest transportation re- 
search library in Canada. In 1988 
it was named in honour of its 
founding librarian, Judith No- 
grady. The library provides back- 
ground information for new 
projects and makes available the 
resources of many other libraries 
and documentation centres 


through its search capability and 
interlibrary loans. 


inancial Services handles 

financial transactions in sup- 
port of the R&D program; main- 
tains financial controls and 
records on all project files; and 
prepares planning, budgeting, 
accounting, and management 
information reports. 


TDC STAFF —- 31 March 1989 


Executive Director 


Research Analysis & Special 
Programs Division 


Advanced Technology Division 


Current Technology Division 


Technology Applications Division 


Transportation Systems 
Technology Division 


Secretary 


Chief 
Secretary 
Senior Development Officer 


Project Officer, Special Needs 


Senior Research Officer 
Project Officer Trainee 


Acting Head, Research Library 


Principal Ergonomist 


Manager, Financial Services 
Accounts Clerk 

Accounts Clerk 

Finance Clerk 


Manager, Administrative Services 


Purchasing Clerk 

Index Clerk 

General Clerk 

French Editor 

Acting Publications Officer 
Graphics Illustrator 


Chief 

Secretary 

Senior Development Officer 
Senior Development Officer 
Senior Development Officer 
Senior Development Officer 
Senior Development Officer 
Senior Development Officer 


Chief 

Acting Secretary 

Senior Development Officer 
Senior Development Officer 
Senior Development Officer 
Senior Development Officer 


Chief 

Secretary 

Senior Development Officer 
Senior Development Officer 
Senior Development Officer 


Chief 

Secretary 

Senior Development Officer 
Senior Development Officer 
Senior Development Officer 
Senior Development Officer 
Senior Development Officer 
Senior Development Officer 


* Served as acting chief of a division during 1988-1989. 


N.E. Rudback 
Lise Boivin 


Ling Suen 
Jocelyne Verville 
John H. Morgan 
Barbara A. Smith 
Trevor N. Smith 
Angelo Boccanfuso 
A. George Ekins 
Ruth M. Heron 


Antoine Sidhom 
Pierrette Germier 

Lyse Taillon 

Jeannine Groulx-Fortin 


Nicole Ferland 
Sylvie G. Daveluy 
Robert Daraiche 
Monique Leblanc 
Jeannine Pérez 
Dina Iwanycky 
William G. Doré 


Micha Avni 
Héléne Beaulac 
Barry B. Myers 

C. Alfred Versailles 
Maurice Audette 
Howard Posluns 
James D. Reid* 
Louis-A. Poulin 


William S.C. McLaren 
Gina Kosta 

Wayne G. Rowan 
Doug W. Dibble* 

Neil R. Gore 

Roy S. Nishizaki* 


Suzanne McLoughlin 
Brian Marshall* 
Lewis Sabounghi* 
Sesto Vespa 


Marcelle Sadubin 
Jacques E. Laframboise 
Ian M. Bayly 

Thomas Peirce 
Jean-Guy Richard 
Pierre L. Sémery 
Michael A. Stenson* 


Si 
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PROFESSIONAL ACTIVITIES AND 
CONFERENCE ORGANIZATION 


Micha Avni 


Doug W. Dibble 


Ruth M. Heron 


Jacques E. Laframboise 


Brian Marshall 


John H. Morgan 


Barry B. Myers 


Roy S. Nishizaki 


Howard Posluns 
James D. Reid 


N.E. Rudback 


Barbara A. Smith 


Michael A. Stenson 


Sesto Vespa 


Chairman, Canadian region, IEEE Computer Society Area Activities Board. 


Organizer, Ninth International Wheelset Congress, Montreal, Quebec, 
September 1988. 


Contributing Editor, Specialized Transportation Planning and Practices, 
March 1989. 


Chairman, Transportation Committee, International Ergonomic Association. 


Co-chairman, 1988 Joint International Conference on Air Cushion Technology, 
Annapolis, Maryland, September 1988. 


Chairman, Canadian Air Cushion Technology Society. 


Member, Bus Design Improvement Task Force, Canadian Urban Transit 
Association. 


Chairman, The Ninth Electric Vehicle Symposium: The Race to Commercial- 
ization Has Begun, Toronto, Ontario, November 1988. 


Chairman, Committee on Aircraft/Airport Compatibility, AIJO 7, Transportation 
Research Board, Washington. 


Resource person, Seminar on Elderly Drivers and Pedestrians, Ottawa, 
February 1989. 
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